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Amendments to the Drawings : 



Please replace Figures 1-10 with the replacement versions of 
Figures 1-10 (12 replacement sheets) attached hereto as Exhibit B. 
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REMARKS 

By this Amendment, applicants have amended the specification to add 
a sequence identifier on page 39, line 151 to correct an obvious 
typographical error in the sequence listed on page 39, line 15; and 
to correct the descriptions of Figures 7-9 in the Brief Description 
of the Figures on page 31. Support for the amendment to the brief 
descriptions of Figures 7 and 8 may be found on page 38, line 25 to 
page 39, line 10. The amendment to the description of Figure 9 is a 
minor stylistic chance. Applicants maintain that these amendments 
to the specification raise no issue of new matter and respectfully 
request that the Examiner enter these amendments. 

By this Amendment, applicants have also amended the drawings and 
attach hereto as Exhibit B twelve (12) replacement sheets 
containing replacement versions of Figures 1-12. Specifically, 
applicants have renumbered the figures on sheets 1/12 and 2/12 as 
Figure 1A and Figure IB, respectively. Applicants have also 
renumbered the figures on sheets 6/12 and 7/12 as Figure 5A and 
Figure 5B, respectively. Applicants have relabeled the figures on 
sheet 11/12 as Figure 9A and Figure 9B. Applicants have also 
amended Figure 8 (sheet 10/12) to provide a description of IRT__4C1 
in accordance with the December 14, 2006 Office Action. Support for 
the amendment to Figure 8 is found on page 38, line 25 to page 39, 
line 10, and in Figure 5. Applicants maintain that these amendments 
to the drawings raise no issue of new matter and respectfully 
request that the Examiner enter the replacement sheets of figures. 

Claims 1-26 are pending in the subject application. Claims 1, 2, 6, 
7, 11, 25 and 26 are under examination. Claims 3-5, 8-10, and 12-24 
are withdrawn. By this Amendment, applicants have added new claims 
27 and 28, and amended claims 1-19, 25 and -26. Support for new 
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claims 27-28 may be found in the specification, inter alia, on page 
14, lines 26-28; page 15, lines 29-30; page 16, lines 18-20; and 
page 17, lines 1-3. Support for amended claims 1, 7, 25, and 26 may 
be found on page 17, lines 25-29. No issue of new matter is raised 
by these amendments. Accordingly, applicants respectfully request 
entry of this Amendment. Upon entry of this Amendment, claims 1-28 
will be pending in the subject application. Of these, claims 1, 2, 
6, 7, 11, and 25-28 will be under examination. 

Objections to the Specif i cation 

The Examiner objected to the Amendment filed November 3, 2006, 
under 35 U.S.C. §132 (a) as allegedly introducing new matter. In 
response, applicants note that the November 3, 2006 Amendment was 
submitted to correct a typographical error in a sequence in Figure 
4 which was labeled as an siRNA sequence but written as a DNA 
sequence. The original Figure 4, which depicted the sequence of an 
siRNA according to SEQ ID NO: 6, inadvertently included thymidine, a 
deoxyribonucleotide , rather than uracil, the corresponding 
ribonucleotide . 

Applicants respectfully disagree with the Examiner and maintain 
that this error was an obvious typographical error. Support for the 
amendment can be found throughout the specification. siRNA 
molecules are known in the art as molecules composed of 
ribonucleotides, and not deoxyribonucleotides . The present 
specification states that siRNA refers to "an RNA molecule which 
decreases or silences the expression of a gene/ mRNA of its 
endogenous or cellular counterpart" (page 4, lines 17-19). 
Furthermore, the specification states: u [W]hen RNA sequences are 
said to be similar, or to have a degree of sequence identity or 
homology with DNA sequences, thymidine (T) in the DNA sequence is 
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considered equal to uracil (U) in the RNA sequence. RNA sequences 
within the scope of the invention can be derived from DNA sequences 
or their complements, by substituting thymidine (T) in the DNA 
sequence with uracil (U) . RNA sequences within the scope of the 
invention can be derived from DNA sequences or their complements, 
by substituting thymidine (T) in the DNA sequence with uracil (U)" 
(page 29, lines 19-25) . 

Thus, it is clear from the present application that the sequence 
identified as SEQ ID NO: 6 is an siRNA, and that an amendment 
changing the T nucleotides to U nucleotides is not new matter 
because (i) it is clear from the subject application that the 
sequence identified as SEQ ID NO : 6 is the sequence of an RNA, not 
DNA; (ii) RNA sequences do not contain T, but U instead; and (iii) 
the error was typographical in nature. 

Applicants have herein amended the specification to change the T 
nucleotides to U nucleotides in the sequence listed on page 39, 
line 15. Applicants note that this sequence is an siRNA sequence 
identified as SEQ ID NO: 6. Applicants maintain that this sequence 
erroneously contained T nucleotides instead of U nucleotides due to 
a typographical error. For the reasons stated in the paragraphs 
above, it is clear from the present application that applicants 
intended the sequence listed on page 39, line 15, to be an siRNA, 
and that an amendment changing the T nucleotides to U nucleotides 
does not constitute new matter. Accordingly, applicants 
respectfully request that the Examiner enter this amendment. 

The Examiner objected to the specification as allegedly failing to 
comply with the requirements of 37 C.F.R. §1.821-1.825. 
Specifically, the Examiner indicated that a sequence identifier is 
required for the sequence on page 39, line 15, as also indicated in 
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the accompanying Notice to Comply with Requirements for Patent 
Applications Containing Nucleotide and/or Amino Acid Sequence 
Disclosures. A copy of the Notice to Comply is attached hereto as 
Exhibit A. 

In response, applicants have amended the specification to add the 
appropriate sequence identifier. Applicants maintain that no new 
matter has been added and therefore a substitute Sequence Listing 
is not required. 

The Examiner further objected to the specification because the word 
"polynucleotides" is misspelled in the heading on page 54. 
Applicants note that the word "polynucleotides" is correctly 
spelled in the heading on page 54 of the application as filed. 
Applicants note that the typographical error appears in the 
published document, i.e. U.S. Patent Application Publication No. 
2004/0067234 Al . Specifically, in the heading preceding paragraph 
[0267] of the published document, the word "polynucleotides" is 
misspelled as "Polynucle Tides." Applicants maintain that the 
subject application as filed does not include this typographical 
error, and therefore no amendment is required. 

Objections to the Drawings 

The Examiner objected to Figure 8 under 37 C.F.R. §1. 121(d) as 
lacking a definition of IRT_4C1. In response, applicants attach 
hereto as Exhibit B twelve (12) replacement drawings in which 
applicants have amended Figure 8 to describe IRT_4C1 as the IDH 
antisense fragment. Applicants have also amended the Brief 
Description of Figure 8. Support for these amendments may be found 
on page 38, line 25 to page 39, line 10, and in Figure 5. 
Applicants draw the Examiner' s attention to Figure 5 and the legend 



Applicants: Paz Einat , et al . 
Serial No.: 10/618,143 
Filed: July 11, 2003 
Page 17 

thereto. Figure 5 shows the alignment ■ of the isocitrate 
dehydrogenase (IDH) gene and the sense sequence of the IDH 
antisense fragment. The antisense fragment is labeled as IRT-4C1 in 
Figure 5. Applicants maintain that it is therefore clear that IRT- 
4C1 is the antisense fragment of IDH. Applicants also draw the 
Examiner's attention to the specification on page 38, line 25 to 
page 39, line 10, which refers to loss of function experiments 
conducted with the IDH antisense fragment, i.e. IRT__4C1. Applicants 
maintain that these amendments raise no issue of new matter. 

In view of these amendments and the remarks above, applicants 
maintain that the replacement drawings comply with the requirements 
of 37 C.F.R. §1. 121(d) and respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 

Claim Rejections under 35 U.S.C. §112, first paragraph 

Enablement 

The Examiner rejected claims 1, 2, 6, 7, 11, 25 and 26 under 35 
U.S.C. §112, first paragraph, as containing subject matter which 
was not described in the specification in such a way as to enable 
one skilled in the art to make and/or use the invention. 

Specifically, the Examiner alleged that (1) no nexus has been 
established between the inhibition of the IDH polypeptide and any 
apoptosis related disease because the artifactual nature of the 
cultured cells is well known in the art and the unpredictability of 
drug development for apoptosis related disease is also well known 
in the art; and (2) no nexus has been established between the 
treatment of the cells with siRNA for the IDH gene and an effect on 
the IDH polypeptide. 
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In response, applicants respectfully traverse the Examiner's 
re j ect ion . 

With regard to the Examiner's first point, applicants maintain that 
the disclosure of the subject specification and the knowledge in 
the art provide sufficient guidance for one skilled in the art to 
readily use the claimed invention. Specifically, applicants draw 
the Examiner's attention to the specification on page 21, line 16 
to page 22, line 17, which discloses an in vivo application of the 
subject invention. In addition, by way of example, the 
specification disclosesthat ex vivo gene therapy requires the 
isolation and purification of patient cells, the introduction of a 
therapeutic gene, and the introduction of genetically altered cells 
into the patient. The specification also discloses several 
approaches to in vivo gene therapy such as "packaging" the 
therapeutic gene for administration to a patient in liposomes or in 
a replication-deficient virus, directly injecting the therapeutic 
gene into the bloodstream, or introducing the therapeutic gene into 
the target tissue by microparticle bombardment. The specification 
further discloses that gene therapy vectors can be delivered to a 
patient by, for example, intravenous injection, local 
administration, or stereotactic injection. 

Applicants further note that experimental data demonstrating the 
inhibition of IDH expression promoting cell death is provided inter 
alia in the subject specification. Several experimental systems 
were used to show the direct link between inhibition of IDH and 
apoptosis. Example IIC on pages 39-40 of the subject application 
discloses a gain of function assay which demonstrates that IDH 
expression protects cells from apoptosis. The results are depicted 
as the percentage of cells protected from apoptosis (Figure 9A) and 
the percentage of cell survival (Figure 9B) , following anti-Fas 
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induced apoptosis in cells ectopically expressing IDH. The 
inhibition assays further corroborate this result. In addition, the 
subject application discloses at page 14 examples of small 
molecules that are inhibitors of IDH, Example IV on pages 44-50 of 
the subject application discloses screening assays for identifying 
and isolating IDH inhibitors. 

In addition, applicants have submitted herewith documents which 
further substantiate the nexus between expression of IDH and 
tumorigenesis in various tissue types. Document number 1 (attached 
hereto as Exhibit 1) establishes that the expression of fifteen 
proteins including IDH1 was up-regulated in esophageal squamous 
cell carcinoma tissue compared to the expression in adjacent normal 
epithelium. Document number 2 (attached hereto as Exhibit 2) 
discloses that microarray analysis identified a 41-fold up- 
regulation of the expression of IDH1 in non-functional pituitary 
adenomas . 

Accordingly, applicants maintain that a definite nexus exists 
between the inhibition of the IDH polypeptide and apoptosis-related 
diseases as shown in the documents submitted herewith. 

With regard to the Examiner's second point, applicants maintain 
that the specification discloses the nexus between the treatment of 
cells and the effect on the IDH polypeptides now claimed. 
Specifically, as disclosed in Example IIA on pages 38-39 and in 
Figures 7 and 8 of the subject application, antisense treatment 
created greater sensitivity to FAS-mediated apoptosis and 
Doxorubicin-mediated apoptosis in HeLa cells which were stably 
transfected with a vector harboring an IDH1 specific antisense 
molecule (IRT-4C1) than in "control" HeLa cells transfected with an 
empty vector. The subject application also discloses in Example IIB 



Applicants: Paz Einat , et al . 
Serial No.: 10/618,143 
Filed: July 11, 2003 
Page 2 0 

on page 39 that transiently transfecting HeLa cells with an IDH 
siRNA induced apoptosis in the HeLa cells when they were treated 
with doxorubicin. 

Applicants again draw the Examiner' s attention to the results 
presented in Example II (pages 38-40) , in which ectopic expression 
of IDH results in protection of cells from apoptosis. Furthermore, 
inhibition of IDH with either an antisense or an siRNA molecule 
leads to increased sensitivity of cells to apoptosis. Applicants 
maintain that the siRNA results are corroborated with antisense 
results, demonstrating siRNA specificity for the IDH gene. 

On page 11 of the Office Action, the Examiner stated that while 
being enabling for a method of treatment of an apoptosis-related 
disease or for potentiating a chemotherapeutic treatment of an 
apoptosis-related disease in a subject comprising administering to 
the subject a therapeutically effective amount of an inhibitor of 
the IDH polypeptide, wherein the IDH polypeptide is SEQ ID NO: 2 or 
4, in a dosage sufficient to inhibit IDH so as to thereby treat the 
subject, wherein the IDH inhibitor is an siRNA for the IDH gene, 
wherein the IDH gene is SEQ ID NO : 1 or 3, the specification does 
not reasonably provide enablement for a method of treatment of an 
apoptosis-related disease or for potentiating a chemotherapeutic 
treatment of an apoptosis-related disease in a subject comprising 
administering to the subject a therapeutically effective amount of 
an inhibitor of the IDH polypeptide, in a dosage sufficient to 
inhibit IDH so as to thereby treat the subject, wherein the IDH 
inhibitor is an siRNA for the IDH gene. The Examiner also stated 
that the single siRNA taught in the specification would not be 
expected to inhibit the scope of IDH polypeptides contemplated. 

In response, applicants note that amended claims 1, 7, 25 and 26 
recite the IDH polypeptide as an IDH polypeptide having a sequence 
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as set forth in SEQ ID NO: 2 or SEQ ID NO: 4 or having a sequence 
modified therefrom while retaining the biological properties of 
IDH. Applicants maintain that the claimed modified IDH polypeptides 
do not include any and every homolog of the IDH polypeptide. 
Rather, the claimed modified IDH polypeptides must be related to 
the IDH polypeptides identified by SEQ ID NO: 2 or SEQ ID NO: 4 while 
retaining the biological properties of IDH. Applicants note that 
the Examiner's assertion that alterations of even a single amino 
acid in a polypeptide sequence can, in some cases, dramatically 
affect the biological activity and characteristics of the protein 
is therefore moot, because the claimed modified IDH polypeptides 
retain the biological activity of the IDH polypeptide. 

Accordingly, for the reasons stated above, applicants maintain that 
the specification of the subject application satisfies the 
requirements of 35 U.S.C. §112, first paragraph. 

Writ-ben Description 

The Examiner rejected claims 1, 2, 6, 7, 11, 25 and 26 under 35 
U.S.C. §112, first paragraph, as lacking an adequate written 
description. Specifically, the Examiner alleged that the 
specification does not describe (i) the broadly claimed IDH 
polypeptides to be inhibited; and (ii) the broadly claimed siRNA 
for the IDH gene. 

In response, applicants respectfully traverse the Examiner's ground 
of rejection. As stated above, applicants have herein amended 
claims 1, 7, 25 and 26 to recite the IDH polypeptide having a 
sequence as set forth in SEQ ID NO : 2 or SEQ ID NO: 4 or having a 
sequence modified therefrom while retaining the biological 
properties of IDH. Applicants maintain that the specification 
adequately describes the claimed genus of IDH polypeptides (see 
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inter alia, page 6, line 14 to page 7, line 5; page 11, lines 23- 
33; and Figures 1, 2, and 6) . Applicants again maintain that the 
claimed modified IDH polypeptides do not include any and every 
homolog of the IDH polypeptide. Rather, the claimed modified IDH 
polypeptides are related to the IDH polypeptides identified by SEQ 
ID NO: 2 or SEQ ID NO: 4 while retaining the biological properties of 
IDH. 

In addition, applicants have herein amended claims 25 and 26 and 
added new claims 27 and 28 to recite the siRNA comprising 
nucleotides have a sequence as set forth in SEQ ID NO: 6. Applicants 
maintain that the specification adequately describes the claimed 
genus of siRNA (see inter alia, page 4, lines 17-28; page 14, lines 
26-28; page 15, line 19 to page 17, line 7; page 39, lines 12-21; 
and Figure 4). Applicants maintain that the claimed siRNAs do not 
include siRNAs specific to any and every homolog of the IDH 
polypeptide, but only those siRNAs specific to the IDH polypeptides 
of SEQ ID NO: 2 or SEQ ID NO: 4 or having a sequence modified 
therefrom while retaining the biological activity of the IDH 
polypeptide . 

Accordingly, for the reasons stated above, applicants maintain that 
the specification of the subject application satisfies the 
requirements of 35 U.S.C. §112, first paragraph. 
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SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 

In accordance applicants' duty of disclosure under 37 C.F.R. §1.56 
and §1 . 97 (a) - (d) , applicants submit this Supplemental Information 
Disclosure Statement to supplement the Information Disclosure 
Statement filed March 2, 2004. Applicants direct the Examiner's 
attention to the following references which are listed on the 
Substitute Form PTO-1449 attached hereto as Exhibit B: 

1. Qi, Y . , et al., (2005) Comparative proteomic analysis of 
esophageal squamous cell carcinoma. Proteomics 5 (11) : 2960-71 
(Exhibit 1) ; and 

2. Moreno, C.S., et al., (2005) Novel molecular signaling and 
classification of human clinically nonfunctional pituitary 
adenomas identified by gene expression profiling and proteomic 
analyses. Cancer Res. 65 ( 22 ): 10214-22 (Exhibit 2). 

Copies of documents numbers 1 and 2 are attached hereto as Exhibits 
1 and 2, respectively. 

The Examiner is respectfully requested to make the above-listed 
references of record in the present application by initialing and 
dating the attached Substitute Form PTO-1449, and returning a copy 
of the initialed and dated form to applicants' undersigned 
attorney . 

This Supplemental Information Disclosure Statement is being 
submitted pursuant to 37 C.F.R. §1.97 (c) (2) before the mailing of a 
Final Office Action. Pursuant to 37 C.F.R. §1.17(p), the fee for 
filing this Supplemental Information Disclosure Statement is ONE 
HUNDRED AND EIGHTY DOLLARS ($180.00) and a check including this 
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amount is enclosed. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
provided below. 

No fee, other than the enclosed fee of $740.00, including $510.00 
for a three-month extension of time; $180.00 for filing the 
Supplemental Information Disclosure Statement; and $50.00 for two 
(2) additional claims, is deemed necessary in connection with the 
filing of this Amendment. If any additional fee is required, 
authorization is hereby given to charge the amount of any such fee 
to Deposit Account No. 03-3125. 



Respectfully submitted, 



I hereby certify that this 

correspondence is being deposited this 
date with the U.S. Postal Service with 
sufficient postage as first class mail 
in an envelope addressed to: Mail Stop 
Amendment, Commissioner For Patents, 
P.O. Box 1450, Alexandria, VA 22313-1450 




Registration No. 28,678 
Attorney for Applicants 
Cooper & Dunham LLP 



1185 Avenue of the Americas 




New York, New York 10036 
(212) 278-0400 
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NOTICE TO COMPLY WITH REQUIREMENTS FOR PATENT APPLICATIONS 
CONTAINING NUCLEOTIDE SEQUENCE ANCHOR AMINO ACID SEQUEKC:: 
DISCLOSURES 

Applicant must file the items indicated below within the time period set the Office action to which the Notice 
is attached to avoid abandonment under 35 U.S.C. § 133 (extensions of time may be obtained under the 
provisions of 37 CFR 1 . 1 36(a)). 

The nucleotide and/or amino acid sequence disclosure contained in this application does not comply with 
the requirements for such a disclosure as set forth in 37 C.F.R. 1.821 - 1.825 for the following reason(s): 

H 1 . This application clearly fails to comply with the requirements of 37 C.F.R. 1 .821-1 .825. Applicant's 
attention is directed to the final rulemaking notice published at 55 FR 18230 (May 1 , 1990), and 1 1 14 
OG 29 (May 1 5, 1 990). tf the effective filing date is on or after July 1 , 1 998, see the final rulemaking 
notice published at 63 FR 29620 (June 1, 1998) and 1211 OG 82 (June 23, 1998). 

□ 2. This application does not contain, as a separate part of the disclosure on paper copy, a "Sequence 
Listing" as required by 37 C.F.R. 1.821(c). 

□ 3. A copy of the "Sequence Listing" in computer readable form has not been submitted as required by 
37 C.F.R. 1.821(e). 

□ 4. A copy of the "Sequence Listing" in computer readable form has been submitted. However, the 
content of the computer readable form does not comply with the requirements of 37 C.F.R. 1.822 and/or 
1 .823, as indicated on the attached copy of the marked Hip "Raw Sequence Listing." 

□ 5. The computer readable form that has been filed with this application has been found to be damaged 
and/or unreadable as indicated on the attached CRF Diskette Problem Report A Substitute computer 
readable form must be submitted as required by 37 C.F.R. 1.825(d). 

□ 6. The paper copy of the "Sequence Listing" is not the same as the computer readable from of the 
"Sequence Listing" as required by 37 C.F.R. 1.821(e). 

El 7. Other The disclosure is lacking numerous sequence identifiers and sequence IO numbers, see the 
section titled "Sequence Listing" in the accompanying First Office Action on the Merits. 

Applicant Must Provide: 

□ An initial or substitute computer readable form (CRF) copy of the "Sequence Listing". 

□ An initial or substitute paper copy of the "Sequence Listing", as well as an amendment 
specifically directing its entry into the application. 

□ A statement that the content of the paper and computer readable copies are the same and, where 
applicable, include no new matter, as required by 37 C.F.R. 1.821(e) or 1.821(f) or 1.821(g) or 1.825(b) or 
1.825(d). 

For questions regarding compliance to these requirements, please contact: 

For Rules Interpretation, call (703) 308-4216 or (703) 308-2923 
For CRF Submission Help, call (703) 308-4212 or 308-2923 
Patentln Software Program Support 

Technical Assistance 703-287-0200 

To Purchase Patentln Software 703-306-2600 
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Figure 1A 

ORF of Isocitrate dehydrogenase 1 (XM_055088) 

(nucleic acid sequence: SEQ ID NO:1; amino acid sequence: SEQ ID NO:2) 
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Figure 1B 
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Figure 2: 

ORF of Isocitrate dehydrogenase 2 (NM_002168) 

(nucleic acid sequence: SEQ ID NO:3; amino acid sequence: SEQ ID NO:4) 

1 ccagcgttagcccgcggccaggcagccgggaggagcggcgcgcgctcggacctctcccgc 

61 cctgctcgttcgctctccagcttggg^^gccggctacctgcgggtcgtgcgctcgctct 
1 MAGYLRVVRSL 
121 gcagagcctcaggctcgcggccggcctgggcgccggcggccctgacagcccccacctcgc 

12CRAS GSRPAWAPAALTAPT S 
181 aagagcagccgcggcgccactatgccgacaaaaggatcaaggtggcgaagcccgtggtgg 

32QEQPRRHYADKRIKVAKPVV 
241 agatggatggtgatgagatgacccgtattatctggcagttcatcaaggagaagctcatcc 

52EMDGDEMTRI IWQFIKEKLI 
301 tgccccacgtggacatccagctaaagtattttgacctcgggctcccaaaccgtgaccaga 

72LPHVDIQLKYFDLGLPNRDQ 

3 61 ctgatgaccaggtcaccattgactctgcactggccacccagaagtacagtgtggctgtca 
92 T DDQVT I DSALATQKYSVAV 

4 21 agtgtgccaccatcacccctgatgaggcccgtgtggaagagttcaagctgaagaagatgt 
112 KCAT ITPDEARVEE FKLKKM 

4 81 ggaaaagtcccaatggaactatccggaacatcctgggggggactgtcttccgggagccca 
132 WKSPNGTIRNILGGTVFREP 
541 t cat ctgcaaaaacatcccacgcctagtccctggctggaccaagcccat caeca ttggca 
152 IICKNIPRLVPGWTKPITIG 
601 ggcacgcccatggcgaccagtacaaggccacagactttgtggcagaccgggccggcactt 
172 RHAHGDQYKAT D FVADRAGT 
661 tcaaaatggtcttcaccccaaaagatggcagtggtgtcaaggagtgggaagtgtacaact 
192 FKMVFT PKDGSGVKEWEVYN 
721 tccccgcaggcggcgtgggcatgggcatgtacaacaccgacgagtccatctcaggttttg 
212 FPAGGVGMGMYNTDES I SGF 
7 81 cgcacagctgcttccagtatgccatccagaagaaatggccgctgtacatgagcaccaaga 
232 AHSC FQYAIQKKWPLYMSTK 
841 acaccatactgaaagcctacgatgggcgtttcaaggacatcttccaggagatctttgaca 
252 NTIL KAYDGRFKDIFQEIFD 
901 agcactataagaccgacttcgacaagaataagatctggtatgagcaccggctcattgatg 
272 KHYKTDFDKNKIWYEHRLI D 
961 acatggtggctcaggtcctcaagtcttcgggtggctttgtgtgggcctgcaagaactatg 
292 DMVAQVLKS SGG FVWACKNY 

1021 acggagatgtgcagtcagacatcctggcccagggctttggctcccttggcctgatgacgt 
312 DGDVQSDILAQGFGSLGLMT 

1081 ccgtcctggtctgccctgatgggaagacgattgaggctgaggccgctcatgggaccgtca 
332 SVLVCPDGKTIEAEAAHGTV 

1141 cccgccactatcgggagcaccagaagggccggcccaccagcaccaaccccatcgccagca 
352 TRHYREHQKGRPTSTNPIAS 

1201 tctttgcctggacacgtggcctggagcaccgggggaagctggatgggaaccaagacctca 
372 I FAWTRGLEHRGKLDGNQDL 

1261 tcaggtttgcccagatgctggagaaggtgtgcgtggagacggtggagagtggagccatga 
392 IRFAQMLEKVCVETVESGAM 

1321 ccaaggacctggcgggctgcattcacggcctcagcaatgtgaagctgaacgagcacttcc 
412 TKDLAGC IHGLSNVKLNEHF 

1381 tgaacaccacggacttcctcgacaccatcaagagcaacctggacagagccctgggcaggc 
432 L N TTDFLDTIKSNLDRALGR 

14 41 ag^^ggggaggcgccacccatggctgcagtggaggggccagggctgagccggcgggtcc 
4 52 Q * 

1501 tcctgagcgcggcagagggtgagcctcacagcccctctctggaggcctttctaggggatg 
1561 tttttttataagccagatgtttttaaaagcatatgtgtgtttcccctcatggtgacgtga 
1621 ggcaggagcagtgcgttttacctcagccagtcagtatgttttgcatactgtaatttatat 
1681 tgcccttggaacacatggtgccatatttagctactaaaaagctcttcacaaaaaaaaaaa 
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Figure 3 : 

Isocitrate dehydrogenase anti sense fragment 

(SEQ ID NO: 5) 

5' TGCTCTGTGGGCTAACCCTCTGGTCCAGGCAAAAATGGAAGCAATGGGATTGGTGGACGTCTCCTGT 
CCTTTCTGGTACATGCGGTAGTGACGGGTTACAGTCCCGTGGGCAGCCTCTGCTTCTACCGTCTTGCCA 
TCTGGACAAACCAGCACGCTGGTCATCATGCCGAGAGAGCCATACCCTTGGGCCACAGAGTCCGACTGC 
ACGTCACCATCATAGTTTTTACAGGCCCAGATG7\AGCCTCCCTCTGATCTCATAGCTGGGGCCACCATG 
TCGTCGATGAGCCTATGCTCATACCAGATCTTTTGAGCTTCAAACTGGGACTTGTACTGCTTGTCATAT 
ATCTCCTGAAAGATGTCTTTAAAACGCCCATCATATTTCTTCAGAATGGTGTTTTTGGTGCTCAGATAC 
AAAGGCCAACCCTTAGACAGAGCCATTTGGAAGGAACTGTGTGCAAAATCTTCAATTGACTTATCTTGA 
TTATACATCCCCATGACAACACCACCACCTTCTTCAAGTTATGTACCAGG' 3 
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Figure 4: 

IDH siRNA sequence 

(SEQ ID NO:6) 



5 ' AAUCGUGAUGCCACCAACGAC 1 3 
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Figure 5A 

Alignment between Isocitrate dehydrogenase 1 (XM_055088) and AS fragment 

ICD 1 GGCGGCGAAGCGGGGGCACGCCCTCGCACACGCAGAGATAAATTGTGCTCCCATGACCTT 
IRT-4C1 1 

ICD 61 TATTTGGAAAGTGCCTGCGGGCCTAAAATTGGCCTTTGTCCCACCGAGTACACTCAGCAC 
'IRT-4C1 1 -r 

ICD 121 TGTACTTTAAACCGGATAAACTGGGCTGTCTGGCAGGCGATAAACTACATTCAGTTGAGT 
IRT-4C1 1 

ICD 181 CTGCAAGACTGGGAGGAACTGGGGTGATAAGAAATCTATTCACTGTCAAGGTTTATTGAA 
IRT-4C1 1 

ICD 2 41 GTCAAAATGTCCAAAAAAATCAGTGGCGGTTCTGTGGTAGAGATGCAAGGAGATGAAATG 
IRT-4C1 1 

ICD 301 ACACGAATCATTTGGGAATTGATTAAAGAGAAACTCATTTTTCCCTACGTGGAATTGGAT 
IRT-4C1 1 

ICD 361 CTACATAGCTATGATTTAGGCATAGAGAATCGTGATGCCACCAACGACCAAGTCACCAAG 
IRT-4C1 1 

ICD 4 21 GATGCTGCAGAAGCTATAAAGAAGCATAATGTTGGCGTCAAATGTGCCACTATCACTCCT 
IRT-4C1 1 

ICD 4 81 GATGAGAAGAGGGTTGAGGAGTTCAAGTTGAAACAAATGTGGAAATCACCAAATGGCACC 
IRT-4C1 1 

ICD 541 ATACGAAATATTCTGGGTGGCACGGTCTTCAGAGAAGCCATTATCTGCAAAAATATCCCC 
IRT-4C1 1 

ICD 601 CGGCTTGTGAGTGGATGGGTAAAACCTATCATCATAGGTCGTCATGCTTATGGGGATCAA 
IRT-4C1 1 

ICD 661 TACAGAGCAACTGATTTTGTTGTTCCTGGGCCTGGAAAAGTAGAGATAACCTACACACCA 
IRT-4C1 1 

IRT-4C1 1 ^^^^^^^^B"I^^^^^^^^^^^^S 

IRT-4C1 34 Bt^^^^^^^^^^ ^^^^^ ^^S^^^^^^^^^^^^^^^^^^^^^S 

IRT-4C1 94 1^^^^MM^^ ^^^^^^^^^^^^^S^^^^^^SB C B^^^^^^^ 

IRT-4C1 154 ^^^^^^^^^^^^ ^^^^^S^^^^^^^^^ m^^^^^^^^^^^^^W 

irt-4ci 214 ^^^^^^^^^^^^^^^^^^^^S^^^^S^^^^^^^^^^a^BBmi 

IRT-4C1 27 4 ^Bf^^^^^^^^^^S^^^^^^^^^^^^^^^m^^^^^^^. 
IRT-4C1 334 ^^^^^^S^^^^^^^^^^^^S^^^^^^^^^^^S^W^SS^ 
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Figure 5B 



icd 1201 f^^^^^^^^^^^^ra^^^graagj^gj^^jiTO^^^^^g^ 

IRT-4C1 4 54 ^^^^^^^^S^^^^^^^^^^I^SS^^S^S^S^^^S^^^SS^ 

IRT-4C1 514 ^^^^^^^^^^^^ 

ICD 1321 TTGGAAGAAGTCTCTATTGAGACAATTGAGGCTGGCTTCATGACCAAGGACTTGGCTGCT 

IRT-4C1 531 

ICD 1381 TGCATTAAAGGTTTACCCAATGTGCAACGTTCTGACTACTTGAATACATTTGAGTTCATG 

IRT-4C1 531 

ICD 14 41 GATAAACTTGGAGAAAACTTGAAGATCAAACTAGCTCAGGCCAAACTTTAAGTTCATACC 

IRT-4C1 531 

ICD 1501 TGAGCTAAGAAGGATAATTGTCTTTTGGTAACTAGGTCTACAGGTTTACATTTTTCTGTG 

IRT-4C1 531 

ICD 1561 TTACACTCAAGGATAAAGGCAAAATCAATTTTGTAATTTGTTTAGAAGCCAGAGTTTATC 

IRT-4C1 531 

ICD 1621 TTTTCTATAAGTTTACAGCCTTTTTCTTATATATACAGTTATTGCCACCTTTGTGAACAT 

IRT-4C1 531 

ICD 1681 GGCAAGGGACTTTTTTACAATTTTTATTTTATTTTCTAGTACCAGCCTAGGAATTCGGTT 

IRT-4C1 531 

ICD 17 41 AGTACTCATTTGTATTCACTGTCACTTTTTCTCATGTTCTAATTATAAATGACCAAAATC 

IRT-4C1 531 

ICD 18 01 AAGATTGCTCAAAAGGGTAAATGATAGCCACAGTATTGCTCCCTAAAATATGCATAAAGT 

IRT-4C1 531 

ICD 18 61 AGAAATTCACTGCCTTCCCCTCCTGTCCATGACCTTGGGCACAGGGAAGTTCTGGTGTCA 

IRT-4C1 531 

ICD 1921 TAGATATCCCGTTTTGTGAGGTAGAGCTGTGCATTAAACTTGCACATGACTGGAACGAAG 

IRT-4C1 531 

ICD 1981 TAGGAGTGCAACTCAAATGTGTTGAAGATACTGCAGTCATTTTTGTAAAGACCTTGCTGA 

IRT-4C1 531 

ICD 2 041 ATGTTTCCAATAGACTAAATACTGTTTAGGCCGCAGGAGAGTTTGGAATCCGGAATAAAT 

IRT-4C1 531 

ICD 2101 ACTACCTGGAGGTTTGTCCTCTCCATTTTTCTCTTTCTCCTCCTGGCCTGGCCTGAATAT 

IRT-4C1 531 

ICD 2161 TATACTACTCTAAATAGCATATTTCATCCAAGTGCAATAATGTAAGCTGAATCTTTTTTG 

IRT-4C1 531 

ICD 2221 GACTTCTGCTGGCCTGTTTTATTTCTTTTATATAAATGTGATTTCTCAGAAATTGATATT 

IRT-4C1 531 



ICD 

IRT-4C1 



2 281 AAACACTATCTTATCTTCTCCTG 
531 
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Figure 6 

Alignment between IDH2 and IDH1 amino acid sequences 



Score = 584 bits (1505), Expect = e-165 

Identities = 281/397 (70%), Positives = 328/397 (81%) f Gaps - 2/397 (0%) 



_J H SI * 

IDH2 : 50 VVEMDGDEMTRI IWQFIKEKLILPHVDIQLKYFDLGLPNRDQTDDQVTIDSALATQKYSV 109 

VVEM GDEMTRIIW+ IKEKLI P+V++ L + DLG+ NRD T+DQVT D+A A + K++V 
IDH1 : 10 VVEMQGDEMTRI IWELIKEKLIFPYVELDLHSYDLGIENRDATNDQVTKDAAEAIKKHNV 69 

IDH2: 110 AVKCATITPDEARVEEFKLKKMWKSPNGTIRNILGGTVFREPI ICKNIPRLVPGWTKPIT 169 

VKCATITPDE RVEE FKLK+MWKS PNGT I RN I LGGT VFRE IICKNIPRLV GW KPI 
IDH1 : 70 GVKCATITPDEKRVEEFKLKQMWKSPNGTIRNILGGTVFREAI ICKNIPRLVSGWVKPI I 129 

IDH2: 170 IGRHAHGDQYKATDFVADRAGTFKMVFTPKDGSGVKEWEVYNFP-AGGVGMGMYNTDES I 228 

IGRHA+GDQY-fATDFV G + + +TP DG+ + V+NF GGV MGMYN D+SI 

IDH1: 130 IGRHAYGDQYRATDFVVPGPGKVEITYTPSDGTQKVTYLVHNFEEGGGVAMGMYNQDKSI 189 

IDH2: 229 SGFAHSCFQYAIQKKWPLYMSTKNTILKAYDGRFKDIFQEIFDKHYKTDFDKNKIWYEHR 288 

FAHS FQ A+ K WPLY+STKNTILK YDGRFKDIFQEI+DK YK+ F+ KIWYEHR 
IDH1: 190 EDFAHSSFQMALSKGWPLYLSTKNTILKKYDGRFKDIFQEIYDKQYKSQFEAQKIWYEHR 249 

IDH2: 289 LIDDMVAQVLKSSGGFVWACKNYDGDVQSDILAQGFGSLGLMTSVLVCPDGKTIEAEAAH 348 

LIDDMVAQ +KS GGF+WACKNYDGDVQSD +AQG+GSLG+MTSVLVCPDGKT+EAEAAH 
IDH1: 250 LIDDMVAQAMKSEGGFIWACKNYDGDVQSDSVAQGYGSLGMMTSVLVCPDGKTVEAEAAH 309 

IDH2: 349 GTVTRHYREHQKGRPTSTNPIASIFAWTRGLEHRGKLDGNQDLIRFAQMLEKVCVETVES 408 

GTVTRHYR +QKG+ TSTNPIASI FAWTRGL HR KLD N++L FA LE+V +ET+E+ 
IDH1: 310 GTVTRHYRMYQKGQETSTNPIASI FAWTRGLAHRAKLDNNKELAFFANALEEVSIETIEA 369 

IDH2: 409 GAMTKDLAGCIHGLSNVKLNEHFLNTTDFLDTIKSNL 445 

G MTKDLA CI GL NV+ ++ +LNT +F+D + NL 
IDH1: 370 GFMTKDLAACIKGLPNVQRSD-YLNTFEFMDKLGENL 405 
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Ranking at the fourth c ommoner * cancer, esophageal squamous cefl caidnoma (ESCC) repre- Received: September 6, 2004 
senta one of the leading causes of cancar death in China. One of the main reasons for the low Revised: November 4. 2004 
survival rate is mat neoplasms in esophagus aia not detected until they have invaded into sua* Accept** November 30, 2004 
rounding tissues or spread throughout the body at advanced stages. A better understanding of 
the m a li g n a nt mechanism and early di ag nosi s are important for fighting ESCC In this study, we 
used proteomics to analyze ESCC tissues, aiming at defining the proteomk features implicated 
in the multistage progression of esophageal carcinogenesis. Proteins that exhibited signmcairdy 
different expressions were identified by peptide mass fingerprinting and validated by western 
blotting and reverse tnuiscrlptase-polymerase chain reaction. The protein changes were men 
correlated to the different grades of disease differentiation. Compared to those in adjacent nor- 
mal cpltheUurna the expression «f i s r«w»tw iwi™4fai j enolase, »i<wiggt<ot factor *"\ ^rEtftratp 
dehydrogenase, tubulin alpha-1 chain, tubulin beta-5 chain, actin (cytoplasmic 1), glvcer* 
aldehyde-3 phosphate dehydrogenase, tropomyosin isoform4 (TPM4), proJiibitm, peroxi- 
redoxin 1 (PRX1), manganese containing superoxide dismutase (MnSOD), neuronal protein, 
and tramgehn was up-regulated: and the expression «f fl™ proteins Hu ft n g TPM1. squamous 
cell carcinoma antigen 1 (SCCA1). stratrfin, peroxiredoxin 2 iaoforma, and alpha B crystalline 
was down-regulated in cancer tissues with a statistical »* gniflr»w» (p < 0.05). In addition, the 
differential expression of SCCAl. PRX1, MnSOD, TPM4. and prohihdtm can be observed in 
precancerous lesions of ESCC. The expression of itratifln, prohflrftin, and SCCAl dropped with 
increasing dedifferentiation of ESCC These data may suggest that these proteins contribute to 
the multistage process of carcinogenesis, tumor progression, and invasiveness of ESCC 
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gen 1 /Tranegelin / Tumor-aaaociated proteins /Two-dimensional gal electro ph ores I a 
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world, with an inciden ce rate of approximately ISO per 
100000 population [1]. Most of the patients cannot survive 
more than 1 year after presenting at healthcare centers and 
the 5 year survival rate for ESCC remains as low as 10% or 
even less due to complications caused by the aberrant tumor 
growth in the esophagus, such as dysphagia, cachexia, etc (3, 
4J. One of the mam reasons for the ominous phenomena is 
that neoplaame in esophagus are not detected until they have 
invaded the surrounding tissues or spread throughout the 
body at advanced stages. The early detection and diagnosis of 
esophageal malignancy is critical for its therapy and man- 

A large number of epidemiological studies suggested 
that cigarette smoking, alcohol drinking, diets' deficiency in 
vit amin s and/or protective antioxidants, and thermal inju- 
ries caused by hot food, intake of nitresamine or moldy 
foodstuff which contain direct or indirect carcinogen have 
been cl osely correlated to the prevalence of esophageal can- 
cer [5-7). The etiological factors for ESCC however, have yet 
to be clarified. Similar to other types of cancer, ESCC involves 
a multistage process, featuring a great diversity of genetic 
and epigenenc alternations. Although various molecular 
events and morphologic features have been found to closely 
correlate with malignancies of esophagus, the Uomarkers 
for early detection and diagnosis with high specificity and 
sensitivity and indices for treatment and management of 
esophageal malignancy have not been identified. 

Proteomics provides an effective approach to study dis- 
ease pathogenesis by globally examining the different pro- 
tein expressions due to malignant cell transformation in 
disease [8, 9). Proteomic technology baa been successfully 
applied to identify tumor-assodated proteins in various can- 
cers originating from different organs including liver [10], 
lung pi), prostate [12], breast [13], kidney [14], tongue [15], 
buccal mucosa [161, esophagus (17), bladder (18), and cho- 
la n g l ole (19). In this study, we employed proteomics to ana- 
lyre ESCC tumor specimens recruited from Unzhou, China, 
and to Identify the proteins with significantly different 
expressions in cancer. The expression patterna of the pro- 
teins were then correlated to the different stages of malig- 
nancy and differentiation status of the disease. The present 
findings may shed light on the molecular characterization of 
esophageal cancer progression and may be informative for 
identifying biomarkers and therapeutic targets for ESCC 



2 Materials and methods 
2.1 Tissue specimens 

Tissues used In this experiment were obtained with the 
approval of the Committees for Ethical Review of Research 
involving Human Subjects at Zhengzhou University and the 
University of Hong Kong. A total of 17 human ESCC speci- 
mens were collected immediately after isolation of surgically 
resected tissues from patients in Unzhou in northern China. 



The 17 cases included ten males and seven females with an 
average age of 60.2 ± 7.3 years. Tissue samples were snap- 
frozen in liquid nitrogen and then p r ese r v ed in -9CTC deep 
freezer or on dry ice for transfer before experiments. The 
histology for all 17 samples was confirmed by two Inde- 
pendent hlstopathologist following fixation, embedding, 
sectioning, and H&E staining. All samples comprised more 
than 80% of target cells (normal epithelial cells, cells with 
various grades of disease, or cancer cells) without necrosis. 
These 17 cases were divided into two groups (Table 1). 
Croup 1 contained IS pairs of mtramatched tissue speci- 
mens, Lc, tumor center tissues and matched normal eso- 
phageal epitheliums at least 5 cm dist al from primary tumor 
mass of ESCC Group 2 had two cases; each contained mat- 
ched triplet samples including tumor and two pretumor 
lesions at different stages based on Lugofs staining (see 
below). 



IsMe 1. H T s tt apathotooJcal classification of ESCC specimens 
used for l-O gel proteomic analysis 







Control snd Pretumor 
Normal BCH DYS CIS We 
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1 Mod- Poor 
srsts 


Group 1 




18 - - - I 
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Case 21 


-11- 


1 




Csss2f 
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1 



Normal, normal esophageal epithelium; BCH, basal cell hyper- 
plasia; DVB, dysplasia; CIS. carcinoma In aftuc SCC, squamous 
ceil carcinoma; Wall. waM-drhVsntletsd SCC; Moderate, modsr- 
aney-dlnVamtatsd SCC; Poor, poonVdrfTarsntlatad SCC 



2JZ Preparation of tissue protein samples 

Fresh frozen esophageal tissue samples (100-150 mg) were 
cut into small pieces, dissolved in lysis buffer at the ratio of 
1 mg tissue per 2 uL lysis buffer (Reagent 3; Bio-Rad. Her- 
cules, CA, USA) containing protease inhibitor cocktail 
(Sigma, St Louis, MO, USA) 8340 and DKase 1 1 U/znL and 
then homogenized for 5 min on ice with a minihnmo- 
genizer. The mixture was centrifuged at 13*2 x 1000 i pen at 
4°C for 15 min to remove tissue and cell debris. The super- 
natant was taken as extracted proteins and the pro te in con- 
centration was determined by the Bradford method with 
BSA as standard. Aliquot* of protein samples were kept in 
-«TC deep-freezer until further use. 

U 2-DE, sflver staining, and imsgs analysis 

IEF was conducted using Amersham Biosciences IPGphor. 
IPG strips with a linear pH range of 3-10 were used for pro- 
tein separation by following a protocol described previously 
[15, 20]. Proteins of 30-50 ug for analytical gels and 100- 
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200 jig for preparative gels were utilized for IEP and tub- 
sequent second d imen si on al separation. All samples were 
run at least in duplicate to guarantee reproducibility. Two 
good quality gels for each case were included into the sub- 
sequent image analysis. Surer staining was performed as 
previously described [15]. Images of 2-D gels were digitallzed 
with fmageScanner (Amersham Biosciences). Image analy- 
ses were conducted with Image Master 2-D Elite soft- 
ware 4.01 (Amersham Biosciences) (IS). The normalized 
value for each protein spot volume was used for comparison. 
Only those spots mat have statistical «i g»4fln mty in difler- 
en tial expression were selected for further investigation. 

2.4 m^tfgsjsrton by trypsin 

Spots of interest were cut out with a dean scalpel after the 
preparative gels were washed with Milli-Q water and trans- 
ferred to a silkonized Eppendorf tube. Stained gel slabs were 
cut into 1 x 1 mm pieces and destsined with 1 mL of 1:1 v/v 
mixture of 30 mu potassium ferricyanide and lOOrnn 
sodium thiosufcate for 10 min and rinsed at least twice with 
Miffi-Q water (1 ml for 5 min each) until the yellow color 
disappeared. The gel slabs were equilibrated with 0.S mL of 
50 mil NH4HCO, for 10 min and men incubated with 
0.5 mL of 1:1 mixture of 50 mat NH4HCO} and 100% ACN 
for 30 min. Complete dehydration was achieved by incuba- 
tion of gel slabs with 200 uL of 100% ACN and men gel pie- 
ces were dried in a SpeedVac for 20 mm. For the in-gel 
digestion, the gel particles were rehydrated with a minimal 
volume of trypsin solution (10 ug/mL in 25 mat NH4HCO,) 
and incubated at 37*C overnight. The liquid fraction con- 
taining digested peptides was spotted onto a sample plate 
with equal amounts of matrix. Where necessary, the in-gel 
digests were extracted subsequently with 50 and 80% ACN. 
and men concentrated and desalted by ZipTCp prior to 
applying on the sample plate (20). 

2.6 MALM-TOF MS and protein WerrtttTcation by 
peptide fingerprinting 

A Voyage-DE STR MALDI-TOF mass spectrometer (Applied 
Bioaystems, Foster City, CA, USA) was employed to obtain 
the peptide mass spectra with the following settings: reflec- 
tor mode with 175 ns delay extraction time, 60-65% grid 
voltage, and 20 kV accelerating voltage. Laser shots of 250 per 
spectrum were used to acquire the spectra with mass range 
of 500-4000 Da. Mass calibration was performed by using 
autorytk fragment peaks of trypsin including 906.5049. 
1153.5741, and 2163.0570 Da. Proteins were identified by 
peptide fingerprinting using MS- Fit to search the NCBInr 
protein database (htrp;//prospectorucs£cdu). The criteria for 
database matching are ±25 ppm mass tolerance, at least four 
peptides matched, and c o rresponding molecular weights 
and pi values. The species of origin was restricted to Homo 
sapiens. 
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A.D western utumng 

With r eferenc e to the verification of candidate proteins after 
peptide fingerp rintin g, the proteins of interest were selected 
for Western blotting to confirm the results of protein data- 
base searching. After 1- or 2-DE, proteins were transferred 
onto PVDP membranes (Amersham Biosciences) at 0.8 mAf 
cm 1 for 1 h. After blocking in 596 nontet rnflk in TBS-T con- 
taining 0.196 Iween 20 (Sigma) at 4*C overnight with gentle 
rocking, membranes were probed with antibodies. Primary 
antibodies involved in this study include SCCA1 (SCCA1 
8H11: sc-21767, Santa Cruz Biotechnology) diluted in 1:250, 
aystaOffl (SPA-223, Stressgen Biotechnologies) diluted in 
1:2000, tropomyosin (TPM) (TM3U, Sigma) diluted in 
1:400. Membranes were incubated with m rr+t p on ding pri- 
mary antibody for various durations according to the speci- 
ficity and sensitivity of antibody. After incubation with cor- 
responding srrrmdary antibodies, immunoblots were visual* 
toed with the BCL detection M* (Aw%»— Biosciences) For 
reprobmg membranes with another antibody, the mem- 
branes were stripped with stripping buffer (glycine 3.75 g/L, 
SDS 2 g/U pH 2.0) before blocking. 

2.7 RNA Isolation and RT-PC8 

Triroi Reagent (GibcoBRU Life technologies. USA) was used 
to isolate total RNA from frozen tissue samples according to 
protocol provided by suppHet Reverie transcription was paw 
formed using 3 ug of extracted total RNA mixed with reac- 
tion mixture in a final concentration of 0.5 mai dNTPs, 
0.025 ug/uL oHgodT, 5 mat Mgd 2 , 0.01m DTT, 2 U/uL 
RNaseOUTTM inhibitor, and 2.5 U/uL SSII RT. The reaction 
was achieved by mcubating each sample at 65°C for 5 min. 
placing on ke for 1 min. incubating at 42*C for 2 min, mix- 
ing with SSKI RT followed by incubating at 42*C for 1 h. and 
incubating at 70*C for 15 min to stop reaction. Following RT 
PCR was carried out in a reaction volume of 30 uL with final 
concentration of 1.5 mM MgC2 3 , 0.1 nm dNTPs, 0.05 Taq 
DNA polymerase, and primer pair for SCCA1. Beta-actin was 
used for internal normalization. The primers used for 
SCCA1 and beta-actin are listed as follows. The reaction was 
initiated at 94*C for 10 min followed by 35cydes at 94*C for 
30 s, SS°C for 1 min, and 72"C for 1 min, and final extension 
at 72*C for 10 min. 

SCCA1. sense primer S'-CATTAAC AAG G 1 ICl'lC A 

CI mGA-3*. annaense primer S'-ATGTGGTATTGCTGC 
CAATATTACCTTCAGGAAT-3'; 

Beta-actin. sense primer, 5*-GTGGGGCGCCCCAGG 
CACCA-3', annaense prjmer 5'-<-iCCl 1AATGTCACGCAC 
GATTTC-3'. 

2.B Statistical a nafvsis 

Since there were only two cases in group 2. the statistical 
analysis was performed only for the 15 paired samples in 
group 1. Comparison was made between 15 normal samples 
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Rgurv 1. Representative histology of normal esophagi*! epithsUum, BCH, DYS. CIS. and ESCC. Normal esophageal epithelium displays 
baaal membrane, basal cells one to three layers (arrow head), supra be m I calls five to seven layers and superficial layers; BCH shows more 
than three layer* of proliferation of basal cells (arrow head); DYS features toss of architectural orientation end comprissa deranged cede 
wfth varfoue size and shape and large deeply stained nuclei; CIS comprises malignant cells occupying the entire thickness of esophageal 
epithelium with Intact baaal membrane (dotted arrow); SCC comprises numerous malignant cells characterized by considers bis olec- 
morphlsm and mitotic figures (arrow head). 



and 15 SCC tumor samples regardless of their differentiation 
states. One-tailed Student's t-test was used for statistically 
analyzing the data extracted from comparison window of 
ImageMaster software that displayed the normalized 
volumes for each protein spot A value of p < 0.05 was con- 
sidered significant 



3 Results 

3.1 Histological diagnosis off ESCC 



As shown in Pig. 1 and table 1, two groups of tissue sped- 
mens were classified through detailed histological diagnosis. 
For group 1. the 15 matched SCC tumor tissues can be fur- 
ther characterized according to their differentiations into 
three subgroups, including one well-differentiated, five 
moderately-differentiated, and nine poorly -differentiated 



SCC. Hie presence of ESCC and intramatched epithelium 
were confirmed by subsequent histological examination in 
which tissue section slides were stained with hematoxylin 
and eo sin (Fig. 1). For group 2, Lugol's staining was per- 
formed before dissecting tissue specimens harboring pre- 
cursor lesions of ESCC. Lugol's staining is a well-known 
procedure to screen out diseased conditions or precursor 
lesions of tumors originating from squamous epithelium, 
such as cervix of uterus and esophageal epithelium. Besides 
the cancer mass, adjacent nonstained and stained areas of 
esophageal epithelium in Lugol's staining were dissected. 
The nonstaining area of esophageal mucosae was considered 
to be precursor lesions for ESCC As listed in group 2 in 
Table 1, case 23 comprised tissues of dysplasia (DYS), carci- 
noma in situ (CIS), and moderately-differentiated SCC; and 
case 29 consisted of tissues of basal cell hyperproliferation 
(BCH), DYS, and moderately-differentiated SCC, respec- 
tively (Fig. 1). 
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3.2 2-OE protein senaretlort and \mmgm anatysJe 

2-DE using IPG (linear) ranging from 3 to 10 waa performed 
to separate the proteins extracted from tumor and adjacent 
normal mucosa or precancerous tissue samples. Figure 2 
show* one representative pair of proteome profilings for 
cancer (A) verms normal (B) tissue samples. There were 
around 942 spots unambiguously displayed on the 2-D gels 
according to the image analysis using software ImageMaster 
2-D Elite. We found that most of the spots correlated well 
between 2-D maps of cancer and adjacent nontumor tissues. 
One-tailed Student's test was utilized to select the protein 
spots that showed significantly and consistently differences 
in expression through the intrapaixed comparative analysis 
in ImageMaster. Twenty-four protein spots were revealed to 
have differential expressions be tw ee n cancer tissues and 
adjacent normal esophageal epitheliums with p-vahies less 
man 0.05 (Table 2). Among these protein spots, 19 were up- 
regulated and five were significantly down-regulated in 
ESCC tumor. The numbers denoted on the 2-OE maps in 
Fig. 2 represent these protein spott; the supposed positions 
of the spots absent or undetectable on one image but present 
on its counterpart gel are also indicated. The most sub- 
stantial volume change is for spot 808, corresponding to 
a transgelin isoform, showing an averaged ex pr e ssi o n of 
107-fold more in cancer tissues than in nontumor tissues. In 



tact for all the 17 paired cases, spot 808 was unequivocally 
displayed in 13 tumor cases but almost undetectable in the 
2-DE maps of normal tissues or tissues with precursor 
lesions of ESCC (Fig. 3). 

3.3 Protein Identification by PMF 

Protein spots with statistically consistent and significant dif- 
ferences in protein expression were excised, subjected to 
in-gel tryptk digestion. MALDI-TOF mass spectral meas- 
urements, and PMF to obtain protein IDs. Table 2 lists the 
identified protein IDs. together with corresponding spot 
numbers, molecular weights and pi values, peptides mat- 
died, sequence coverages, total mass errors, and MOWSE 
scores. For most of the protein database matching, reason- 
able sequence coverage, low mass errors, and high MOWSE 
scores were obtained. Proteins showing overexpresslons in 
tumor are enolase, elongation factor Tu. Uodtrate dehy- 
drogenase (NADP), tubulin alpha- 1 chain, tubulin beta- 5 
chain, acdn (cytoplasmic 1), glyceraldehyde-3 phosphate 
dehydrogenase (GAPDH), TPM4, prohibitin. peroxi- 
redoxinl (PRX1), ™*"g*"~--r*i"+a*"*"g superoxide <fcs- 
mutase (MnSOD), neuronal protein, and transgelin. Pro- 
teins mat were down-regulated in tumor include TPM1, 
squamous cefl carcinoma antigen 1 (SCCA1), stra tifin. 
pertnriredoxm 2 isoform a (PRX2), and alpha B crystalline 
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Figure 2. Representative images of 2-0 gel for cancer (A) vwwum normal (B) tissue samples, respectively. Numbers Indicated on map 
represent* protein spots with differential expression. 



Tumor 



Normal 




Figure X Cropped images of protein spots 806 and 808 {trans- 
gelin) in three pairs of ESCC samples. Transgslln Isoform (808) 
presents exclusively on 2-D gels of cancer tissues. 



(aB-Cryit). Apparently different protein isoforms existed on 
proteomic profiling due to alternative splicing or PTM. Pro- 
teins displaying isoforms are trans gelin, GAPDH. and alpha 



3.4 Corraiation of protein 

histological grades of ESCC 



The expression levels of the altered proteins were further 
correlated to the differentiation status of ESCC in group 1. 
As depicted in Fig. 4, we found that the expression changes 
for protein spots 376 (SCCA1), 586 (straufin), and 592 (pro- 
hibitta) inversely correlate with differentiation grades of 
ESCC. The protein expression levels decreased with increas- 
ing dedifferentiation of ESCC from well-, to moderately-, to 
poorly-differentiated carcinoma. 

Detailed protein expression analysis was also carried out 
for group 2 mat contained two matched triplets of specimens 
from the same patients. Figure 5 shows consistent correla- 
tion or tendency relationships between lesion grades and 
protein expressions in the two cases. Clearly, expression 
levels of protein spots 534 (TPM4), 592 (prohibitin). 701 
(PRX1). and 706 (MnSOD) linearly increased with progres- 
sion of disease in the precancerous lesions from DYS to CIS 
(case 23) and from BCH to DYS (case 29) advancing to SCC. 
In addition, protein spot 376 (SCCAl) changed its expres- 
sion level in reverse with the disease severity, consistent with 
the tendency found in group 1. A negative linear relationship 
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in terms of SCCA1 expression levela twuu the general trend 
of disease aggravation can be derived. These protein altera- 
tions in expression reflect the dynamic molecular character* 
n a t i on of esophageal < 



34 Protein ID and 

by Wootewn Wotting 

Western blotting was per formed to verify three selected pro- 
teins, SCCA1, TPM1, and aB-Cryst, that may play functional 
roles in tumorigenesis. Figure 6 shows the 2-D Western 
blotting results with the corresponding silver staining 2-D 
gels side by side for the three proteins. Specific and positive 
immunochemical interactions occurred for the three pro- 
teins evaluated. Figure 7 A displays the representative gels of 
1-D Western blotting, confirming the decreased expressions 
of these three proteins in tumor tissues. Western blotting 
results shown in Fig. 7B exhibit the expression levels of 
SCCAlt me disease antigen* in the precancerous lesions in 
the specimens of group 2. In light with the data generated 
from the 2-D gel image analysis, SCCA1 expression levels in 
tissues decreased from DYS -» CIS -+ SCC (case 23) and 
from BCH DYS -» SCC (case 29), reversely correlated to 
the aggravation states of the ESCC disease. 

3.0 RT-PCR 

lb further verify the unusual expression of SCCA1 in tran- 
scription level, RT-PCR experiment was performed to com- 
pare the mRNA levels in rumor and nontumor tissues. 
Figure 8 shows the RT-PCR results for three representative 
pairs of the tissue samples. With the mRNA of beta-aeon as 
int ern al control* the mRNA levels In nontumor 1 
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Figure 8. Expression of proteins, TPM4, prohlbWn. PRX1, and 
represent protein s pots on 2-D maps* 
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Figure 0. Protein confirmation for SCCA1, TPM1, and aB-Crytt by 
2-D Western blotting. 



obviously higher than those in tumor tissues, suggesting 
that the different expression of SCCA1 takes place at tran- 
scription stage. 



4 Discussion 

Although numerous studies in the genomic field have 
revealed a magnitude of changes occurring in the multistage 
pathogenesis of ESCC, including mutations of a variety of 
tumor suppressor genes and oncogenes, changes in tran- 
scription, proliferation-associated factors, and metastasis* 
related factors, these changes may not necessarily warrant 
subsequent corresponding alternations at the protein levels 
or functions [21-30]. Proteomics, which aims at characteriz- 
ing the entire protein complement expressed in <-+\U 0 r tis- 
sues, provides complementary information and direct evi- 
dence to unravel tumor-specific molecular events during 
multistage carcinogenesis. In the present study, we used 
2-DE based proteomics to examine the protein profiles of 
cancer tissues and the adjacent nontumor tissues freshly 
collected from Linzhou. the highest ESCC incident area in 
northern China, to identify proteins related to esophageal 
malignancy. A total of 20 proteins were uncovered with dif- 
ferential expressions in esophageal carcinogenesis, among 
which 15 were up-regulated and five were down-regulated. 

The first intriguing identification is SCC antigen, 
SCCA1. which was found underexpressed in ESCC. Initially 
isolated from human cervical SCC tissue [31], SCCA belongs 



to a serine protease inhibitor family (serpins). Serpins were 
found to be involved in a variety of biological functions, 
including fibrinolysis, coagulation, inflammation, tumor cell 
invasion, cellular differentiation, and apoptosis [32]. Biologi- 
cal studies have revealed that SCCA1 may function in cancer 
cells for tumor growth and in normal squamous epithelium 
for differentiation by inhibiting apoptosis [33]. The SCC 
antigen was found highly up-regulated in various SCC can- 
cers including those in the uterine cervix, lung, head and 
neck, skin [33, 34] and recently in buccal mucosa [16]; this 
protein was therefore regarded as an SCC tumor marker 
However, we observed that SCCA1 expression in ESCC can- 
cer tissues was suppressed by 2.5-fold compared to adjacent 
normal tissues (Table 1). This unusual observation was fur- 
ther validated by Western blotting data, showing that the 
underexpression of SCCA1 not only takes place in tumor 
tissues in general (Fig. 7A) but also proceeds correlatively 
with malignant potential (Fig. 7B). A similar trend of SCCA 1 
down-regulation in ESCC tumor was found in RT-PCR 
experiment (Fig. 8), suggesting its firm occurrence in tran- 
scription level. This finding, although contradictory to the 
results from previous studies with other SCC cancers, 
implicates that the SCCA1 may have a unique function in 
esophagus SCC tumorigenesis. In addition, the decreased 
expression of SCCA1 can be linearly correlated to the differ- 
entiation progression of the disease in group 1 (Fig. 4). This 
finding is consistent with early observations that patients 
with well-differentiated esophageal tumors tended to have 
higher SCCA1 levels compared to those with poorly-differ- 
entiated tumors (35, 36]. Therefore, it is likely that SCCAl is 
an indicator for the histological differentiation of the ESCC 
[371. 

A group of cytoskeleton microfi lament-associated pro- 
teins, including cytoplasmic actin, gamma-actin, transgeiin. 
TPM1, TPM4, tubulin alpha- 1 chain, and tubulin beta-5 
chain, were found to express differentially between cancer 
and normal tissues. Actin network is essential for cellular 
functions such as motility, division and cell surface receptor 
movement, anchorage dependence, and contact inhibition. 
During malignant transformation, expression alterations 
in actin microfilament network and other actin-associated 
proteins always accompany morphological changes [38-41]. 
Previous studies have demonstrated that expression changes 
in cytoskeleton-associated proteins, including actin, TPM, 
gelsolin, caldesmon, and myosin light chain, have been 
implicated in transformed phenotypes [41]. 

TPM is a major structural component of cytoskeletal 
microfilament and multiple TPM isoforms have been repor- 
ted in cultured nonrauscle cells. Interestingly, opposite 
expression regulations for different TPM isoforms have been 
often found in tumors, implying that these isoforms may 
have different functions in cell transformation. For example, 
underexpressions of high M r TPM have been reported in 
various cancers such as oral tongue squamous cell carci- 
noma [15], breast [39. 42], and colon [42] cancers. Up-regula- 
tion of lower M r TPM isoforms has been implicated to be 
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Figure 7. Western blots showing the protein expressions for SCCA1.TPM1, and aB-Cryst In tissues (T, tumor; N, normal) of group 1 (A); and 
SCCA1 expression in pretumorous tissues of group 2 (8). 
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Figure 8. RT-PCR results for three representative pairs of tissue 
samples, showing that the mRNA level of SCCA1 Is lower in 
tumor than in nontumor tissues. T. tumor; N, normal. 



associated with metastatic potential of primary breast card- 
noma [43], melanoma [44], and Lewis lung carcinoma (45]. 
Our current data validated the different regulations of TPM 
isoforms, with TPM1 being down- regulated and TPM4 being 
up.regulated significantly in ESCC tissues. The reverse reg- 
ulation changes of TPM isoforms may cause an imbalance in 
normal phenotypes of epithelial microfilament and lead to 
malignant morphological changes of aberrant cells. These 
alterations may provide dues related to early detection and 
diagnosis and to the identification of therapeutic targets. 



Transgelin is another cytoskeleton-associated protein 
related to cell transformation, division, adherence, and 
migration. Contradictory results concerning transgelin 
expression in tumors have been reported. For example, a 
proteomic analysis of matched normal ductal/lobular units 
and ductal carcinoma in situ (DCIS) of the human breast 
revealed that transgelin expression was at a higher level in 
normal ductal epithelial cells than in DCIS cells [13). Trans- 
gelin gene expression at mRNA level was greatly reduced or 
lost in transformed and tumor cell lines [42]. However, a 
recent protein profile study discovered that transgelin was 
overexpressed in stomach cancer tissue [46]. Our current 
observation testified that transgelin expression was dramati- 
cally increased in ESCC, with a phenomenon that one dis- 
tinct transgelin isoform (spot 808) presents exclusively in the 
cancer tissues (Fig. 3). Given the fact that esophagus and 
stomach are closely related in the digestive tract, ESCC and 
stomach cancer may be subjected to a similar stimulation in 
terms of cell malignant transformation related to transgelin 
expression. The underlying nature of transgelin functions in 
the tumori genesis of esophagus and stomach warrants fur- 
ther investigation. 

Accumulating evidence has indicated that intracellular 
redox state plays important roles in cellular signal transduc- 
tion and gene expression [47]. Reactive oxygen species 
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(ROS), which are produced in cells during physiological 
processes in response to external stimuli, can affect intracel- 
lular redox itate. At low levels, ROS modulate gene expires* 
lion through modulating cellular redox state; at high levels. 
ROS are highly deleterious and potentially damage DNA, 
proteins, carbohydrates, and lipids. It has been suggested 
that ROS play roles In all stages of carcinogenesis, Including 
initiation, promotion, and progression (48). In order to pro- 
tect themselves from oxidative radical stress, cells have 
developed defense systems that comprise proteins super* 
oxide dlsmutases (SOD), catatalse. glutathione peroxidases, 
and p erox lr edoxms (PRX). Hie up-regulation of MnSOD 
and PRX1 in BSCC and their linear correlation with pro- 
gression of disease from premaHgnant to invasive cancer 
(Pig. S) reflect the cell defense effort in maintaining intra- 
cellular homeostasis. Similar observations have been found 
in other cancers including the o v e rexpresafa n of PRX in 
mali g nant mesothelioma [49], lung cancer [50], and oral 
cancer (5 11 and overexpreaskm of MnSOD in human pros- 
tate cancer cell lines [52] and in buccal SCC (16). Interest 
ingry, a minor down-regulation of PRX2 isoform was detect* 
ed in BSCC suggesting that different PRX isotorms may 
have slightly different functions unique to the esophageal 
neoplasms. 

aB-Gryst is a member of the small heat shock proteins 
(HSPs). which are ubiquitous chaperone molecules related 
to stresses. They can protect cells from damage through 
binding to partially denatured proteins. Ai—r^^g protein 
aggregates, modulating the correct folding, and cooperating 
in transporting newly synthesized polypeptides to the target 
organelles [53). aB-Cryst was able to inhibit both the mito- 
chondrial and death receptor apoptotic pathways through 
abolishing the autoproteotytk maturation of partially pro- 
cessed caspase-3 intermediate (54}. totriguingry, while other 
HSPs were usually up-regulated in tumors, aB-Cryst was 
often down-regulated in various cancers (15, 55-59]. Our 
present data reinforced this observation with aB-Cryst being 
markedly suppressed in ESCC tissues. These results again 
revealed that aB-Qyst plays a role distinct from other HSPs 
in carcinogenesis and Implicated that underexpression of 
aB-Cryst may be a general marker for various tumors. 

Stratum, also known as 14-3-3 a or HME-1, was recently 
reported to be a candidate tumor suppressor gene that Is 
transactrvated by p53 In response to DNA damage and nega- 
tively regulates bom Gl/S and G2/M cell cycle progression 
[60, 61]. Overexpressfon of stratum increased stabilization of 
p53 through blocking Mdm2-medlated p53 ubiquitination 
and enh a nced oHgomeriration of p53. leading to an increase 
in p53 transcriptional activity (62]. Several studies have 
lepoitcd the potent role of stratum in tuznorigenesis of var- 
ious organs, including prostate, urinary bladder, and breast 
(18, 63. 64). In line with other published data, a small but 
significant underexpression of stratum was found In cancer 
tissues in the present study, implicating its probable con- 
tribution to pathogenesis of esophageal neoplasms. Addi- 
tionally, the stratifin expression was inversely correlated with 



differentiation grade of ESCC (Fig. 4), indicating that malig- 
nant cells arising from esophageal epithelium may lose stra- 
tifin in progressive deduTerentiation. 

Another potential tumor suppressor protein, prohibiting 
was revealed to be differentially expressed between cancer 
tissue and adjacent normal epithelium. Interestingly, prohi- 
bitin expre s sion positively correlated with the progression of 
precancerous lesions (Fig. 5) but Inversely correlated with 
the differentiation grades of squamous cell carcinoma of 
esophagus (Fig. 4). This expression manner indicates that 
prohibitin may play different roles at different stages of eso- 
phageal tumorigenesls by acting on cell proliferation. One 
study using RNA interference to knock down prohibitin and 
using transient trarutfection to overexpress the protein 
demonstrated that cells with reduced prohibitin displayed a 
slight increase in the percentage of cell population in cell 
cyde, while cells with increased prohibitin showed a clear 
reduction in the percentage entering the cell cycle following 
dihydrotestosterone stimulation (65]. 

In summary, we used 2-D gel based proteomlcs to com- 
pare the protein profiles between ESCC tumor and matched 
surrounding tissues and to identify differently expressed 
proteins In the esophageal cancer. A number of tumor-asso- 
ciated proteins. Including SCCA1, transgeUn, TPM, prohibi- 
tin, PRX, aB-Cryst. and MnSOD, were detected with altered 
expressions, corresponding to a complicated muMstep pro- 
cess involved in the initiation, formation, and progression of 
esophageal carcinoma. When the erpresiions of the proteins 
were correlated with the histological stages and differentia- 
tion status of ESCC tissues, linear progressions were found 
for most of the altered proteins, providing a rationale to 
understand the relationships between the functions of the 
tumor-associated proteins and the cell malignant transfor- 
mation in esophageal tumorigenesls. 
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Abstract 

Pituitary adenomas comprise 10% of intracranial tumors and 
occur in about 20% of the population. They cause significant 
morbidity by compression of regional structures or the 
inappropriate expression of pituitary hormones. Their molec- 
ular pathogenesis Is unclear* and the current classification of 
clinically nonfunctional tumors does not reflect any molecular 
distinctions between the subtypes. To further el u c id ate the 
molecular changes that contribute to the development of these 
tumors and reclassify them according to the molecular basis, 
we investigated 1 1 nonfunctional pituitary adenomas and eight 
normal pituitary glands, using 33 oligonucleotide GeneChlp 
mlcroarrays. We validated mlcroarray results with the reverse 
transcription real-time quantitative PCR, using a larger 
number of nonfunctional adenomas. We also used proteomic 
analysis to examine protein expression In these nonfunctional 
adenomas. Mlcroarray analysis identified significant increases 
in the expression of 115 genes and decreases in 169 genes, 
whereas proteomic analysis Identified 21 up- regulated and 29 
down-regulated proteins. We observed changes in expression of 
SFRP1, TLE2, P1TX2, NOTCH3, and DLK1, suggesting that the 
developmental Wnt and Notch pathways are activated and 
important for the progression of nonfunctional pituitary 
adenomas. We further analyzed gene expression profiles of aO 
nonfunctional pituitary subtypes to each other and identified 
genes that were affected uniquely in each subtype. These results 
show distinct gene and protein expression patterns in adeno- 
mas, provide new insight into the pathogenesis and molecular 
classification of nonfunctional pituitary adenomas, and suggest 
that therapeutic targeting of the Notch pathway could be 
effective for these tumors. (Cancer Res 2005; 65(22): 10214-22) 

Introduction 

Pituitary adenomas account for — 10% of intracranial tumors and 
occur in about 20% of the population. They cause significant 
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morbidity by compression of regional structures and the inappro- 
priate expression of pituitary hormones (1, 2). Nonfunctional 
pituitary adenomas, so-called because they do not cause clinical 
hormone hypersecretion (2-5), account for -30% of pituitary 
tumors (3). The nonfunctional tumors are uniquely heterogeneous 
(Table 1), typically quite large, and cause hypopituitarism or 
blindness from regional compression (1). 

Despite the lack of clinical hormone hypersecretion, immunocy- 
tochemical staining for hormones reveals evidence for hormone 
expression in up to 79% of these tumors, which we will refer to as 
immunohistochemically positive nonfunctional (NF + ) tumors. The 
remainder are negative for hormone expression (2, 5) and will be 
referred to as immunohistochemically negative nonfunctional (NF~) 
tumors. However, current pathologic classification (Table 1) of these 
tumors has no molecular basis, and surprisingly, is based only on 
anterior pituitary hormone histochemistry for hormones, or on 
electron microscopy, which is of limited use. 

Unlike the functional pituitary tumors, there is no available 
effective medical therapy for the nonfunctional tumors, and only a 
better understanding of the molecular biology of these tumors will 
provide needed medical treatment options. 

Although pituitary tumors are mostly benign, 5% to 35% of 
them are locally invasive. A small number exhibit a more aggressive 
course, infiltrate dura, bone and sinuses and are highly aggressive. 
A significantly smaller number are truly malignant; that is. they 
metastasize outside the central nervous system. It is not known what 
molecular profiles result in local invasion or presage a more 
aggressive course. 

Molecular genetic studies have shown that these tumors are 
monoclonal in origin (6, 7). A minority is part of an autosomal- 
dominant syndrome, multiple endocrine neoplasia type 1 (MEN1), 
which is associated with mutations in the MEN1 tumor suppressor 
gene. Others are associated with loss of heterozygosity on the llql3 
chromosome (2, 8-10). A dominant mutation occurs in the Gas gene 
in ~ 30% of somatotrophinomas, but this mutation is rare in other 
pituitary tumors (2, 11. 12). In nonfunctional tumors, reduced levels 
of expression of the retinoid X receptor, estrogen receptor, and 
thyroid hormone receptor have been found and may contribute to 
abnormal thyroid hormone regulation of ot-subunit production in 
these tumors. However, the significance of these data to pituitary 
tumorigenesis is unknown (13). The epidermal growth factor 
receptor (EGFR) is overexpressed in 80% of nonfunctional adenomas 
and is virtually undetectable in functional adenomas. In vitro, 
nonfunctional tumors in culture proliferate in response to EGF 
administration and up- regulate EGFR mRNA (14). In addition, we 
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Table 1 . Classification of nonfunctional pituitary adenomas 


by cell of origin 




Cell type Hormone 


% Nonfunctional 


expression 


tumors 


Null cell None 


17 


Oncocytoma None 


6 


Silent corticotroph ACTH 


8 


Siicnt somatotroph GH 


3 


Gonadotrophs Intact LH/FSH or subur 


lite 40-79 



recently found that the folate receptor is overexpressed in 
nonfunctional pituitary adenomas (15, 16). 

To further elucidate the molecular changes that contribute to 
the development of these tumors and reclassify them according to 
the molecular basis, we used microarray analysis to elucidate the 
gene expression profile of 11 nonfunctional pituitary adenomas 
compared with eight normal pituitary glands. 

We verified the gene expression changes of four genes that were 
detected by microarray analysis in 23 nonfunctional pituitary 
tumors and eight normal pituitary glands by reverse transcription 
real-time quantitative PCR (RT-qPCR). To complement and extend 
the expression profiling data, a comparative proteomics system 
bused upon two-dimensional PAGE and mass spectrometry (MS) 
were used to characterize each differentially expressed protein in 
the same pituitary adenoma tissues. 

Materials and Methods 

Patient* and tumor characterisation. Sporadic pituitary adenomas 
were obtained from patients at the Emory University Hospital during 
transsphenoidal surgery (Supplementary Table 1). Informed consent for 
inclusion in this study was obtained. Pituitary adenomas are anatomically 
and pathologically distinct from the normal anterior lobe, making them 
easy to dissect under the surgical microscope. AD tumors were micro- 
dissected and removed using the surgical microscope, rinsed in sterile 
saline, snap-frozen in liquid nitrogen, and stored (-80°C) for molecular 
analysis and proteomics. Each tumor fragment was then confirmed 
independently by a neuropathologist as being homogenous and unadulter- 
ated by histology and immuno histochemistry before molecular analysis. 

Eight normal pituitary glands obtained from the National Hormone and 
Pituitary Program, National Institute of Diabetes and Digestive and Kidney 
Diseases (Bethesda, MD; n = 3) and from the National Disease Research 
Interchange (Philadelphia, PA; n « 5) were used as controls for microarray 
and RT-qPCR analyses. Eight normal pituitary glands obtained from the 
Memphis Regional Medical Center (n = 7) and the National Disease 
Research Interchange (n = 1) were used as controls in proteomics. 

Synthesis of biotin-lobeled cBNA and microarray hybridization. 
Total RNA extraction was previously described (15, 16). Briefly, total RNA 
( 100 ug) was purified, using the RNeasy Mini Kit (Qiagen, Inc, Valencia, CA) 
with minor modifications. Total RNA was eluted twice with 50 uL of 65°C 
DEPC-treated water. Double-strand cDNA was synthesized from 25 ug total 
RNA with the Superscript II (Invitrogen, Carlsbad, CA) and a T7-(dT) 24 
oligomer then purified by phase-lock gel (Eppendofc Wesbury, NY) with 
phenol/chloroform extraction. Blotin-labeled cRNA was produced with 
Enzo BioArray High Yield RNA Transcription Labeling kit according to the 
manufacturers instructions. The biotinyiated cRNA was fragmented to 50 to 
200 nucleotides by heating (94°C for 35 minutes) and chilled on ice. 

For microarray analysis, three normal pituitary glands and 11 nonfunc- 
tional pituitary adenomas were analyzed using HG-U95Av2 GeneChips 
(Asymetrix. Santa Clara, CA) at the Emory /Veteran^' Administration Medical 
Center (Atlanta, GA). All samples were analyzed in duplicate, starting from 



the extraction of total RNA, GeneChip hybridization, washing, scanning, and 
data analysis. Five additional normal pituitary glands were analyzed once 
using the same chips. HG-U95Av2 GeneChips at the Moffit Comprehensive 
Cancer Center, University of South Florida (Tampa. FL). 

Data analysis. Gene expression data from 12,625 probe sets on the HG- 
U95Av2 GeneChips were normalized, using GCRMA normalization with 
GeneTraffic Software (Iobion, La Jolla, CA). After data normalization, genes 
with uniformly low expression were removed from consideration, leaving 
7,241 probe sets for analysis using significance analysis of micro arrays 
(SAM) software (17). The following are the relevant variables for the SAM 
analysis: imputation engine, 10- nearest neighbor; number of permutations, 
50th RNG seed, 1234567; delta, 1.063; fold change, 2.0. Normalized expression 
data from the 297 significant probe sets were analyzed by a two- 
dimensional hierarchical clustering, using Spotfire Decisions ite 8.1 software. 
Data was clustered using un weighed averages and ordered using average 
Euclidian distance. 

For K- nearest neighbor (KNN) prediction, the normalized RT-qPCR data 
was analyzed with Gene Pattern software (http://www.bro ad.rnit.edu/ 
cancer/software/genepattern/X and both the KNN cross-validation and 
class prediction modules were used (KNN - 3). For these analyses, the four 
genes (or features) that were included were NADP-dependent isoci irate 
dehydrogenase (IDHJ\ paired-like homeodomain transcription factor 2 
{PITX2X Notch homologue 3 {N0TCH3\ and delta-like 1 homologue 
{Drosophila. DLK1\ 

To identify genes uniquely altered in tumor subtypes, SAM analysis was 
done with both the normal samples and other tumor subtypes as the 
control group, and the subtype of interest as the experimental group. 
Analyses were done with 500 permutations, fold change of 2.0, and false 
discovery rate (FDR) < 1%. 

Reverse transcriptase real-time quantitative PCR. RT-qPCR was done 
as described (15. 16) on four gene transcripts in 23 nonfunctional pituitary 
adenomas and eight normal pituitary glands in a blinded fashion. Primers 
were selected using Primer Express software, version 2j0 (PE Applied 
Biosytems. Foster City, CA), BLASTed against all Homo sapiens gene 
sequences in Genbank for selectivity. The following are the primers of these 
genes: 





Forward primer 


Reverse primer 


mm 


CACTACCGCATGT 


TCTGGTCCAGGC 




ACCAGAAAGG 


AAAAATGG 


PITX2 


GCCGGGATCGTAG 


GTGCCCACGACC 




GACCTT 


TTCTAGCA 


NOTCH3 


TCTCAGACTGGTC 


C CAAGAT CTAAGA 




CGAATCCAC 


ACTGAC GAGCG 


DLK1 


CACATGCTGCGGA 


ACCGCGTATAGTAA 




AGAAGAAGAAC 


GCTCTGAGGA 



rRNA (18S rRNA from PE Applied Biosystems) was used as an internal 
control All PCR reactions were done at least in duplicate and cycled in the 
GeneAmp 5700 Sequence Detection System: 50.0 °C for 2 minutes, 95.0 °C for 
10 minutes, and 40 cycles of 95.0 °C for 15 seconds and 60.0° C for 1 minute. 
The quantity of the specific genes obtained from standard curves was 
normalized to that of the 18S rRNA of the same sample. Fold change of each 
gene was calculated as the ratio of the mean of the normalized mRNA of 
nonfunctional compared with that of the normal pituitary controls. 

Two-dimensional gel electrophoresis of pituitary proteins. The 
detailed experimental protocols have been published (18, 19). Briefly, each 
whole control pituitary tissue (0.45-0.70 g; n = 8) and each adenoma tissue 
( 15-75 nup n = 11) was homogenized and lyophilized. and the protein content 
was measured. For an 18-cm IPG strip, pH 3 to 10 nonlinear (Amersham 
Pharmacia Biotech, Piscataway, NJ), a total of 70 ug of pituitary protein was 
used for two-dimensional gel electrophoresis. Isoelectric focusing was done 
on a Multiphor II instrument (Amersham Pharmacia Biotech) with precast 
IPG strips (pH 3-10, nonlinear, 180 x 3 x 0.5 mm). SDS-PAGE was done on a 
PROTEAN plus Dodeca Cell (Bio-Rad, Hercules. CA) that can analyze up Lo 12 
gels at a time with a 12% PAGE resolving gel (190 x 205 x 1.0 mm) that was 
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t ast with a PROTEAN plus Multicasting Chamber (Bio-Rad). The two- 
dimensional gel electrophoresU-separated proteins were visualized with a 
i not IH'icd silver-staining method. The differential spots were determined 
between control pituitaries (n = 8* number of gels * 30) versus NF~ (n = % 
number of gels - 6). LH* {n « 3. number of gels = 9\ FSH* (n = 3, number of 
gels =» 9), FSH** and LH" (n = 3. number of gels » 9% 

Image analysis of digitized two-dimensional gels. The silver-stained 
two-dimensional gels were digitized, and the digitized gels were analyzed 
qualitatively and quantitatively with the PDQuest two-dimensional Gel 
Analysis software for a PC computer (version 7.1 A Bio-Rad). The total density 
in a gel image was used to normalize each spot volume in the gel image to 
minimize the effect of any experimental factor on the quantitative analysis 



( 19-21). Gel Images in the match set were grouped into the following: control. 
NF~ LH*. FSH*. and FSH* and LH*. The comparison analyses were done with 
the average normalized-volume among the five groups. 

Mass spectrometry characterization of proteins. Each differential 
spot was labeled, excised from the two-dimensional gels, and subjected to 
in-gel trypsin digestion (18). That mixture of tryptic peptides was purified 
with a ZipTipC18 microcolumn (ZTC18S096, Millipore. Bedford. MA) 
according to the manufacturers instructions. The purified tryp tic-pep tide 
mixture was analyzed with a Perseptive Biosystems matrix-assisted 
laser desorption/ionization time-of-flight (MALDI-TOF) Voyager DE-RP 
mass spectrometer (Framingham. MA) and with an LCQ 06 ** mass 
spectrometer (LC-ESI-Q-IT) equipped with a standard electro spray source 



B 




32 
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IDH1 



PITX2 NOTCH3 
□Normal MHF Tumor 



DLK1 



RT-oPCR K-noaroat neighbor Predlctlona fKNN - 3. flajej ■ a\ 

leavo-One-Out Cross Validation 

True Normal True Tumor Errors 
Normal Prod 8 0 0 

Tumor Prod 0 23 0 

Independent Training and Teat Seta 
Train Set (n = 21) 

True Normal True Tumor 
5 16 

Test Set (n- 10) 

True Normal True Tumor Errors 
Normal Pred 3 0 0 

Tumor Pred 0 7 0 



Figure 1. A, expression pattern of genes that are 
significantly different between nonfunctional 
pituitary adenomas and normal pituitary tissues 
analyzed by two-dimensional hierarchical 
clustering. Red, higher expression; green, lower 
expression; black, nonsignificant genes. B, 
RT-qPCR of relative expression of IDH1, PITX2, 
NOTCH3, and DLK1 mRNAs In nonfunctional 
adenomas (n a 23) compared with normal 
pituitaries (n = 8). Columns, mean mRNA 
expression of each gene in nonfunctional tumors or 
normal pituitary glands; bars, SB. Increased 
expression for IDH1 (41-fold). PITX2 (14-fold), and 
NOTCH3 (14-fold) were all confirmed by 
RT-qPCR. Decreased expression for DLK1 was 
also confirmed (-717-fold). C, prediction results of 
KNN analysis using RT-qPCR data for IDH1. 
PITX2. NOTCH3, and DLK1. Predictions 
generated with QenePattern software were 100% 
correct with both leave-one-out cross-validation 
and with independent training and test sets. 
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Tablt 2. Expression changes of selected genes In nonfunctional adenomas . 



Probe set ID 


Symbol 


Gene name 


Qene Ontology category 


Fold change 


:iW30_at 


EPHB6 


EphB6 


Signal transduction 


15.09 


2<tt_at 


GATA2 


GATA binding protein 2 


Transcription 


14.55 


:«243_at 


PCTK3 


PCTAIRE protein kinase 3 


Cell cycle 


14.07 


:W023_at 


1DHX 


Isocltrate dehydrogenase 1 (NADP+), soluble 


Metabolism 


13.10 


40511. at 


GATA3 


GATA binding protein 3 


Transcription 


12.76 


4IOI4_s_at 


PITX2 


Paired-like homeodomain transcription factor 2 


Transcription 


1X44 


H2l_s_at 


FOLR1 


Folate receptor 1 (adult) 


Transport 


5j66 


424_s_at 


FGFR1 


Fibroblast growth factor receptor 1 


Signal transduction 


4.27 


38750_at 


NOTCH3 


Notch homologue 3 


Transcription 


4.26 


M)54_g_at 


CDH2 


N-cadherin 


Cell adhesion 


3.23 


:i2565_at 


SMARCD3 


SWI/SNF related d3 


Transcription 


&00 


37920_at 


PITXI 


Paired-like homeodomain transcription factor 1 


Transcription 




469_at 


EFNB3 


Ephrin-B3 


Cell-cell fliimalina 


2.42 


871_s_at 


HLF 


Hepatic leukemia factor 


TfAlMfrinuflrl 
a m aim i ij/iimi 


2.34 


417l5_at 


PIK3C2B 


Phosphoinositide-3-kinase, class % beta 


Siffnal tmnaHiirtinn 




823_at 


CX3CLJ 


Chemoldne (C-X3-C motif) ligand 1 


Cell motility 

veil mu iii 1 1 by 


9 94 


40837_at 


TLE2 


Transducm-like enhancer of split 2 


Development 


9 m 


33596_at 


SPOCK3 


Testican 3 


inijc^mi rosin iinme 




41536_at 


JD4 


Inhibitor of DNA binding 4 


Trflrmf rintJrin 


—9 1A 


33904_at 


CLDN3 


Claudin 3 


Cell adhesion 


—2.47 


1586_at 


IGFBP3 


Insulin-like growth factor binding protein 3 


Annntnsia 


—9 RQ 


1909_at 


BCL2 


B-cell CLL/lymphoma 2 




—2.71 


41839_at 


GAS1 


Growth arrest-specific 1 


CeO cycle 




:woio_at 


BNIP3 


BCL2/adenovirus E1B 19-kDa interacting protein 3 




—3.85 


37(>43_at 


ID3 


Inhibitor of DNA binding 3 


Ti iiiuji.IllI t 

lranscnpoon 


—4.10 


36199~at 


DAP 


Death-associated protein 


— 4J56 


40570_at 


FGXOIA 


Forkhead box OlA (rhabdomyosarcoma) 


i rangenpoon 


—5.79 


370O5_at 


NBL1 


Neuroblastoma, suppression of tumorigenicity 1 


i/ncugpnesw 


—6.08 


32786_at 


JUNB 


jun B proto-oncogene 


r | T w u s ■■■I nwlpi j I m mm 

lranscnption 


—6.12 


39822.s_.at 


GADD45B 


Growth arrest and DNA dam age— inducible. [J 


Signal transduction 


-6.24 


41215_s_at 


ID2 


Inhibitor of DNA binding 2 


lranscnption 


—630 


39352_at 


CGA 


GlvCODrotein hormnnpi. n nnlvnanHfta 


ueu-ceu signaling 


—7.53 


31874_at 


GAS2L1 


Growth flJ Bnpriflp 0 lilro 1 


Cell cycle 


-9.04 


36617.at 


JDJ 


Inhibitor of DNA hirwUns 1 


Transcription 


-9.73 


35378_at 


LHB 


LH B polypeptide 


Hormone 


—12.96 


1916_s_at 


FOS 


v-fos osteosarcoma viral oncogene homologue 


Transcription 


-15.90 


649_s_at 


CXCR4 


uiemoKuie ^c-a-v* moQi ) receptor 4 


Cefl motility 


-1636 


36784_at 


CSHL1 


Chorionic somatomammotropin hormone-like 1 


Hormone 


-85.03 


878_s_at 


PEL 


Prolactin 


Hormone 


-10031 


40544_g_at 


ASCII 


Achaete-scute complex-like 1 (Drosophila) 


Neurogenesis 


-11632 


40316_at 


GH2 


Growth hormone 2 


Hormone 


-307.69 


309_f_at 


GH2 


Growth hormone 2 


Hormone 


-578.03 


32648_at 


DLK1 


Delta-like 1 homologue {Drosophila) 


Development 


-917.43 


1332_f_at 


GH1 


Growth hormone 1 


Hormone 


-5,000.00 



(ThermoFinnigan. San Jose, CA). For MALDI-TOF MS analysis, the peptide- 
mass fingerprinting (PMF) data were generated. For liquid chromatography 
electro spray ionization ion-quadrupole-ion trap (LC-ESI-Q-IT) analysis; the 
amino acid sequence of each LC-separated tryptic peptide was obtained. 
The MALDI-TOF MS PMF data were used to identify the protein by 
searching the SWISS-PROT/TrEMBL database with Peptldent software 
(http://us.ejqpasy.oi^tooLs/peptidenUitnil). The LC-ESI-Q-IT tandem MS 
(MS/MS) data were used to identify the protein by searching the SWISS- 
PROT and NCBInr databases with the SEQUEST software that is a part of 
the LCQ Dcca software package. 

Results 

The clinical and pathologic characteristics of all nonfunctional 
pituitary tumors in this study are summarized in Supplementary 



Table 1. The 11 pituitary tumors used in microarray analysis 
included tumors immunohistochemically negative for anterior 
pituitary hormones (NF~ n = 2% positive for luteinizing hormone 
(LH*. n = 3), positive for follicle-stimulating hormone (FSrT, n - 3), 
and positive for both FSH and LH (FSrT and LrT, n = 3). These 
same 11 tumors were used in proteomic and RT-qPCR analyses. A 
total of 23 nonfunctional tumors were used for RT-PCR analysis 
(Supplementary Table 1). 

Cluster analysis of gene expression by microarray analysis. 
Data from two replicate hybridizations (57-2 and 208-2) were of poor 
quality and removed from the analysis. To identify genes that were 
differentially expressed between tumor and normal pituitary 
samples in a statistically significant manner* we used the SAM 
software (17). Using a highly conservative threshold (fold cli.inge 
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> 2.0 ( FDR < 1%), we identified 297 probe sets corresponding to 284 
unique genes that were significantly different between pituitary 
tumors and normal tissues. Normalized expression data from these 
297 probe sets were analyzed by two-dimensional hierarchical 
clustering (Fig. 1A ). A complete list of these 284 unique genes is given 
in Supplementary Table 2, and a subset of those genes is provided in 
Table 2. In general, tumor suppressors (e.g^ NBU) and apoptosis 
inducers (BNIP3) were down-regulated, whereas antiapoptotic 
genes (P/K3C2B and FAIM2) were up-regulated. In addition, the 
apoptosis inhibitor BCL2 was down-regulated by >3-fold compared 
with normal pituitary, suggesting that other antiapoptotic mecha- 
nisms are at work in nonfunctional pituitary adenomas. Positive 
regulators of cell cycle progression, such as PCTAJRE protein kinase 3, 
exhibited an increased expression, whereas negative cell cycle 
regulators, such as GADD450 and GAS1, were down-regulated. 

Two components of the delta-Notch pathway, NOTCH3 and 
DLK1 , were strongly altered in opposite directions. NOTCH3 was up- 
regulated nearly 5-fold, whereas DLK1 was repressed over 900-fold. 
In addition, human achaete-scute homologue (ASCL1/HASH1). 
which is essential for DLK1 expression, was down-regulated over 
100-fold. The fibroblast growth factor receptor 1 (FGFR1) was 
up-regulated over 3-fold in nonfunctional pituitary adenomas. In 
addition, expression of the insulin-like growth factor binding protein 
3 (IGFBP3), which decreases IGF availability and signaling, was 
reduced 3-fold compared with normal tissues. 

Over 50 transcription factors were altered in their expression in 
nonfunctional pituitary adenomas, making it one of the largest 
functional categories (Supplementary Table 2). Several develop- 
mental transcription factors, including NOTCH3, PITX1. PITX2, 
and PBX3, were up-regulated, whereas others, such as C/EBPfi were 



down-regulated. Surprisingly, the inhibitors of the DNA-binding 
family (ID1, ID2, ID3, and ID4), which are inhibitors of neural 
differentiation and are frequently overexpressed in neuroectoder- 
mal tumors (22), were all down-regulated in pituitary adenomas. 
Some transcription factors associated with oncogenesis, such as 
FOS, JUNB, and FOXO 1 A/FKHR, were also down-regulated. 
Nevertheless, decreased levels of FOXO 1 A/FKHR are consistent 
with an elevated signaling through the phosphatidylinositol 
3-kinase/PTEN/AKT pathway, because AKT activation results in 
the exclusion of FKHR from the nucleus (23). 

Several genes that enhance cell motility and invasion were 
increased in nonfunctional pituitary adenomas, including ephrin 
receptor B6> ephrin B3> testicon 3, N-codherin 2, and the chemokine 
ligand CX3CLJ. The down-regulation of the tight-junction molecule 
claudln 3 was consistent with a cellular phenotype of increased 
motility. Moreover, our gene expression profiling results were 
consistent with the expectations for the nonfunctional tumors. For 
example, the up-reguiation of the folate receptor (FOLR1) was 
consistent with our previous observations (15, 16). In addition, LH, 
growth hormone 1, growth hormone % chorionic somatomammo- 
tropin hormone-like 1, and prolactin were all strongly down- 
regulated as expected. 

Validation of expression array result by reverse transcription 
real-time quantitative PGR analysis. To validate the microarray 
analysis, we measured with RT-oPCR, using SYBR Green I dye 
detection the mRNA expression levels of IDH1, PITX2, NOTCH3, 
and DLK1 using blinded samples which consisted of 23 non- 
functional tumors and eight normal pituitary glands. The 23 
nonfunctional tumors composed of she FSH\ six LH*, six FSH* and 
LH*, and five NF" (Supplementary Table 1). Using blinded samples 
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Figure 2. A digitized two-dimensional gel 
electrophoresis reference map (Gaussian 
image) from a human control pituitary 
proteome labeled with the 93 differential 
spots and the four protein standard 
markers. Isoelectric focusing (IEF) was 
done with an 18-cm IPG strip (pH 3-10, 
nonlinear), and vertical SDS-PAQE was 
done with a 12% poryacrylamide gel. 
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Tabte 3. Molecular classification of nonfunctional tumors by subtype by gene expression profile analysis 



Subtype 


Fold change 


Gene symbol 


Probe set ID 


Accession no. 


Title 


KSH* 


4.7 


CXCL13 


41104_at 


NM 006419 


Phrnnolrlni* (C-Y.C mnt-ifl UnanA 11 
^uemuiujie ^v«~atv^ mouij iig&na ij 


FSH* 


2.7 


HPW 


38063_at 


NM 020524 


neniBwpoieuc rnArinieracung protein 


KSH* 


2.2 


KRT19 


40899_at 


NM 002276 


Keratin 14 


l*H* 


4.5 


MLP 


36174_at 


NM 023009 


MARCKS-Uk« nrntpln 
i»xfvr\v_/i\jj^iijLt3 protein 


UV 


2.7 


GUCY1A3 


36918_at 


NM 000856 


uuauyuue cyclase i» soiiiuie, cx J 


ur 


2.4 


TMPRSS6 


34067 at 


NM 1 131)1 Q 


type u cransmemuraiie serine protease o 


UV 


2.4 


BASP1 


32607 at 




Brain abundant, membrane attached signal protein 1 


NV~ 


15.9 


C7 


37394 at 


INM_UUUOO/ 


Complement component 7 


NF" 


5.9 


PDUM1 


36937_s_at 


NM_020992 


PDZ and LTM domain 1 fplfinl 

* Urns Clim blifl UUJIUUU X 1 Trill 11 1 


NF~ 


4.6 


HIST1H2AC 






Histone 1, H2ac 


NF~ 


4.1 


GPR49 


A\fm at 

*wx\tt <j ax 


INM_UU3oo7 


G protein-coupled receptor 49 


NF" 


3.9 


SYT1 


40075 at 


MM nfl££QO 


oynaptotagm in I 


NF 


3.7 


ALS2CR3 


40064_at 


NMJU5049 


Amyotrophic lateral sclerosis 2, candidate 3 


NF" 


3.6 






NMJ003519 


Histone 1, H2bl 


NF 


33 


HIST2H2AA 


286_at " 


NM_003516 


Histone 2, H2aa 


NF" 


3.1 


HIST1H2BN 


36347_fj* 


NM_003520 


Histone 1, H2bn 


NF" 
NF~ 


3.0 


PTPN3 


31885_at 


NM.002829 


Protein tyrosine phosphatase, nonreceptor type 3 


23 




34114_at 


AL109678 


cDNA clone EUROIMAGE 28993. 


NF" 


2J2 


HIST1H2BM 


31528_f_at 


NM.003521 


Histone 1. H2bm 


NF" 


2J2 


HIST1H2BK 


32819_at 


NM_080593 


Histone 1. H2bk 


NF" 


2J2 


AGPATJ 


32836_at 


NM_006411 


l-Acyigrycerol-3-phosphate O-acyitransferase 1 



NOTE: Genes that were altered specifically in each subtype of nonfunctional adenomas are shown. NF", negative immunohisto chemical stains for ACTH. 
LH. FSH. PRL. GH. and TSH. 

Adenomas were graded blindly by a neuropathologist from 0 to 4 for intensity of staining for each peptide hormone. 



to do RT-qPCR f the normalized value of each gene of each sample 
was used to classify the sample in two groups (nonfunctional and 
control groups) correctly. RT-qPCR analysis showed that IDH1, 
PITX2, and NOTCH3 mRNAs were significantly up-regulated 
respecUvely 41-fold. 14-fold, and 14-fold in nonfunctional pituitary 
adenomas, and that DLK1 mRNA expression was down-regulated 
717-fold (Fig. IB). 

We next used the RT-aPCR data to attempt to classify the 
nonfunctional tumor and normal samples using the KNN method. 
With the GenePattern software (http://www.broadjnit.edu/cancer/ 
software/genepattern/). the tumor and normal samples were 
correctly predicted in 100% of the cases using the normalized 
RT-qPCR data for these four genes (Fig. 1C). This level of accuracy 
was achieved both with leave-one-out cross-validation and when 
the data was separated into independent training sets (n = 21) and 
test sets (n = 10). 

Proteomlc analysis of human nonfunctional pituitary 
adenoma and control samples. The proteomes from control 
pituitary versus NF" LIT. FSH*, and FSH* and UT tumors were 
analyzed by two-dimensional gel electrophoresis. Each sample was 
analyzed three to five times, and ca. 1,000 protein spots were 
detected in each gel (Fig. 2 contains a digital master gel map). For 
each sample, the correlation coefficient (r) of the normalized 
volumes between-gel matched spots was >0.73 (range, 0.76-0.92), 
and the mean between-gel matched percentage was 85% to 99% 
for the controls and 81% to 90 % for the adenomas. A total of 93 
differential protein spots were found among the different cell types 
of nonfunctional adenomas. Each differential spot was labeled in 
the digital master gel map (Fig 2). Supplementary Table 3 contains 
those MS-characterized protein spots for which the spot volume in 



the control group was significantly different from each adenoma 
group (P < 0.001). Differential spots were excised, in-gel trypsin 
digestion was done, and MS (MALDI-TOF PMF and/or LC-ESI-Q-IT 
MS/MS) was used to characterize the protein in each differential 
spot (18). Among those 93 differential spots, 72 spots contained 
50 differentially regulated proteins (21 up-regulated and 29 down- 
regulated) that were characterized. MS/MS data were used to 
search the database with SEQUEST software. 

The 50 MS-characterized differentially expressed proteins were 
categorized into several different functional groups (Supplemen- 
tary Table 3). Identified proteins that were affected in nonfunctional 
adenomas included the following: (a) Neuroendocrine-related 
proteins, including somatotropin, secretagogin, and mu-crystallin 
homologue, were down-regulated in the nonfunctional pituitary 
adenomas, (b) At least 17 isoforms of somatotropin were down- 
regulated, (c) Immunologic regulation proteins and tumor-related 
antigen (immunoglobulin, tumor rejection antigen 1) were down- 
regulated, (d) Cell proliferation, differentiation, and apoptosis- 
related proteins were down-regulated, (e) Cell defense and stress 
resistance proteins (phospholipid hydroperoxide glutathione per- 
oxidase, CD59 glycoprotein, and heat shock 27-kDa protein) were 
down-regulated (f) Some metabolic enzyme-related proteins (IDH 
[NADP] cytoplasmic, tryptophan 5-hydroxyiase 2, matrix metal- 
loproteinase-9. aldose reductase, Iactoyiglutathione lyase, acyl- 
CoA-binding protein) were up-regulated in the nonfunctional 
pituitary adenomas. 

Proteomlc validation of gene expression profiling data. We 
compared the proteomic data with gene expression profiling data 
for consistency at the protein and the mRNA levels. Whereas 
expression profiling identified 284 altered genes, proteomics 
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identified 50 altered proteins (10.7%). Of these 50 proteins, only 40 
hud corresponding probe sets present on the U95A GeneChip. 
Of those 40 detectable genes, 31 genes (77.5%) were detected as 
present at the mRNA level Four of these genes (IDH1. GH1. GH2, 
and PRL) met our mRNA significance criteria and were identified 
by both experimental approaches. Thirteen additional genes 
(32.5%) did not meet our significance criteria but nevertheless 
hud mRNA changes of > 1.3-fold in the same direction as observed 
i hunges at the protein level. Only one gene (Thioredoxin domain 
containing 9, 014530) had opposite changes and was decreased at 
the protein level but increased (132-fold) at the mRNA leveL 
Finally, 32.5% of the altered proteins showed essentially no change 
ut the mRNA level In general there was quite good agreement 
between the protepmics and expression data (43%). although not 
surprisingly, there were proteins with altered abundance that 
showed little if any change at the level of transcription. These genes 
are likely regulated by altered translations! efficiencies and 
posttranslational effects on protein stabilities. 

Molecular classification of nonfunctional pituitary tumors 
by subtype. We further analyzed the gene expression profiles of all 
four nonfunctional pituitary subtypes to each other and identified 
genes that were affected uniquely in each subtype (Table 3). To 
qualify for this description, the genes had to be significantly 
different in only a single subtype relative to normal tissue and also 
be significantly different between that tumor subtype and the other 
tumor subtypes. No genes were uniquely altered in the nonfunc- 
tional tumors that expressed both the LH* and FSrT subtype. In 
the nonfunctional tumors that expressed FSH* subtype. CXCL13 
und hematopoietic PBX- interacting protein were up-regulated. In 
the nonfunctional tumors that expressed LH* subtype, uniquely up- 
regulated genes included MLP, GUCY1A3. TMPRSS6, and BASP1. In 
the NF~ subtype tumors, 14 genes were uniquely up-regulated, 
including four Histone 2b variants, two Histone 2a variants, and 
synaptotagmin I. 
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Figure 3. A model of the effects of Wnt and Notch signaling on nonfunctional 
pituitary adenomas. Genes with an increased mRNA level (up arrow) and with a 
decreased expression (down arrow). In this model, increased SFRP1 activates 
the Wnt pathway, resulting in nuclear (j-catenln, increased PITX2, elevated 
cychn 01, and cellular proliferation. In parallel, increased NOTCH3 represses 
HASH1/ASCL1, resulting in reduced DLK1 and inhibiting cellular differentiation 
and PIT1 and GH expression. How increased TLE2 and decreased HES-1 levels 
affect tumor progression requires further investigation but may enhance 
proliferation and inhibit differentiation. 
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DIsciiMlon 

Our gene expression profiling of nonfunctional pituitary adeno- 
mas identified 115 up-regulated genes and 169 down-regulated 
genes. Some gene profiles showed good agreement with the 
proteomic data. In addition, the gene expression data were 
consistent with expected results for a number of genes, such as 
FOLR1. growth hormone, and prolactin Pit- J. The RT-qPCR results of 
all four genes tested (IDHL PITX2, NOTCH3, and DUG) confirmed 
our gene expression profiling data. 

We observed increased levels of IDH1 mRNA by gene expression 
profiling, RT-qPCR, and proteomic analysis. IDHs (24) catalyze 
oxidative decarboxylation of isocitrate into ot-ketoglutarate. In 
addition, mitochondrial and cytosolic NADP(+>dependent IDHs 
play an important role in cellular defense against oxidative damage 
as a source of NADPH (25, 26). Moreover, NADP-dependent IDH is 
up-regulated in human colon tumors (27) and may prevent apoptosis 
in tumors cells via detoxification of tumor therapeutic drugs (28). 

Our observation that PITX2 is overexpressed in nonfunctional 
pituitary adenomas is consistent with previous analyses of human 
pituitary adenomas (29). PTTX1 (also known as P-OTX) and PITX2 
specify closely related bicoid transcription factors that appear early, 
are made in multiple tissues, and continue to be expressed in adult 
life (3ft 31). PITX2a and PITX1 both interact with PU-1. a master 
regulator of pituitary cell differentiation, thyroid-stimulating 
hormone, growth hormone, and prolactin genes (31, 32). 

Normally, PITX2 mRNA displays a rapid turnover rate, but 
activation of the Wnt/p-catenin pathway stabilizes PITX2 mRNA 
(33). In fact, PITX2 is rapidly induced by the Wnt/Dvl/p-catenin 
pathway and is required for effective cell type-specific proliferation 
during pituitary development by directly activating cyclin 02 
expression (34). Regulated exchange of HDACl/p-catenin converts 
PITX2 from repressor to activator, analogous to the control of TCF/ 
LEF1. PITX2 serves as a competence factor that is required for the 
temporally ordered and growth factor-dependent recruitment of a 
series of specific coactivator complexes that prove necessary for 
cyclin D2 and cyclin Dl (35) gene induction. Although we observed 
increased cyclin Dl levels, cyclin D2 expression was not increased. 
In addition, SFRP1 levels were up-regulated 9-fold, and SFRP1 has 
been shown to be capable of increasing Wnt signaling rather than 
antagonizing it in some conditions (36, 37). Taken together, the 
changes we observed in SFRP1, PITX2, and cyclin Dl are all 
consistent with a model in which elevated Wnt/p-catenin signaling 
is important for nonfunctional pituitary adenomas (Fig. 3). 
Moreover, increased nuclear accumulation of p-catenin has been 
detected by immunohistochemistry in 57% of pituitary adenomas 
(38), consistent with our conclusion that the Wnt/£-ca!enin 
pathway is important in the progression of this malignancy. 

NOTCH3 is strongly overexpressed, whereas DUO, a potential 
ligand of NOTCH3, was one of the most strongly down-regulated 
gene in nonfunctional tumors. Members of the delta family serve as 
ligands in cell-to-cell interactions with Notch receptors that control 
cell fate during differentiation. Interaction of Notch receptors with 
their cell-bound ligands results in the proteolytic cleavage of Notch, 
translocation of the intracellular domain (Notch-IC) to the nucleus, 
and altered gene expression. Emerging data also support the role 
of the Notch signaling pathway in tumorigenesis and neural 
development Constitutive expression of NOTCH3-IC in the 
peripheral epithelium in the developing lung of transgenic mice 
resulted in altered lung morphology and delayed development 
suggesting that NOTCH3 signaling could contribute to lung cancer 
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progression through the inhibition of terminal differentiation (39). 
Moreover, transgenic mice expressing N0TCH3-IC in thymocytes 
and T cells developed early and aggressive T-cell neoplasias (40). 
NOTCH3 and DLK1 expression is inversely correlated in neuro- 
blastoma cell lines that can be divided into two groups with high 
DLKl /low NOTCH3 expression, or high NOTCH3/low DLK1 
expression (41). Importantly, this study found a perfect correlation 
of mRNA and protein levels for both N0TCH3 and DLK1 (41). In 
neuroendocrine cell differentiation, changes in DLK1 levels seem to 
mark the decision to mature along different lineages. Thus, the 
high levels of N0TCH3 and low levels of DLK1 in nonfunctional 
pituitary adenomas suggest that they are derived from earlier-stage, 
undifferentiated cells, or that they have taken on a dedifferentiated 
state, consistent with the loss of Pit-1 expression. 

The nonfunctional adenoma cells seem to have switched from a 
delta-expressing cell type to a Notch-expressing cell type and might 
receive stimulatory signals from neighboring normal pituitary cells 
that still express DLKl. This hypothesis suggests that inhibitors of 
Notch processing, such as 7-secretase inhibitors that were developed 
for Alzheimer's therapies and are now in clinical trials to treat Notch- 
activated T-cell acute lymphoblastic leukemia (42), could also prove 
of benefit to patients with nonfunctional pituitary adenomas. 

Another gene involved in the delta-Notch pathway that was 
strongly down-regulated in nonfunctional adenomas was ASCII. 
In Drosophila. Achaete-Scute genes are upstream of and directly 



activate the expression of delta and Notch (43). and in developing 
mouse neuroendocrine cells, DLKl expression depends on the 
mouse Achaete-Scute homologue (44). Furthermore, high levels of 
Notch signaling can induce the transcriptional silencing of ASCL1 
(45). Thus, the high levels of NOTCH3 could repress ASCL1 leading 
to the loss of DLKl expression in nonfunctional adenomas. 
Transducin-like enhancer of split 2 (TLE2) is a mammalian 
homologue of the Drosophila transcriptional repressor groucho, 
which represses targets of p-catenin. TLE2 interacts with HES-1 
and is expressed during neuronal development (46). Thus, TLE2, 
which was up-regulated 2-fold in nonfunctional adenomas, is a link 
between Wnt-signaling and Notch signaling. These data support a 
model (Fig. 3) in which NOTCH3 represses HASH1 and in 
cooperation with Wnt signaling; NOTCH3 maintains in these 
tumors in an undifferentiated state. 
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